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Depertioent of Phyeioe on yey 16, 1951 

ASTJmAgf 

The poeeibility of attack by atoinio weapons has eroeted 
a widespread need for a rugged, portable ganm surirey noter 
reading froa 0*025 to 500 roentgons per hour* Such an inatru* 
ixent should be highly reliable, with long shelf and operating 
life* IVro possible bases for such an instrument have been 
investigated* 

A system using no batteries or other power-supply, in 
which s phosphor is viewed by a photo-voltaic cell of the 
barrier-layer type la shown to be too insansitiva with pra- 
santly available coaponenta to give meter indications in the 
radiation range of Interaat* 

Visual observation of the lumineecant response of a Zn- 
CdS phosphor is shown to periait detection of gac>jna radiation 
at leaa than 0*020 r/hr and measuremant at lass than 0*4 r/hr* 
The upper limit has not bean explored but la shown to be above 
100 r/hr* Two aster deaigna based on visual comx>urisoa of 
the brightness of a doteetor phosphor with that of a standard 
light source have been developed* One of these requires no 
power supply, the standard light source being a phosphor disc 
szcited by a long-lived beta emitter, tests of which are des- 
cribed* The advantage in reliability of the device over an 
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•^e«^#;?ol lo aaaart 9 i»l;?slbai 
a lo •atioqaa'x dnarmanlxMtJ at^l Is i 9 ollariaac(o Xauaia 
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0*oda ^ oj Modhi ai 9 00 i»i»^oX^za nasd doa aas ilmil ^aqqu atiT 
lo aoal'X/)q,aoo Xauclv no bvaad aajilaab ladea gmf! •id\t OCX 
becboada a Vo daad xtdl«« rtodqaod^ io-#a 9 da 6 a *^9 van^>Hiid add 
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aa fsav-^ aoivab add lo xdiXldNlXai l 1 afactiayba 9 *tl •£>sdl*xo 
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•Icotronlo clroalt ic «Tid«nt« 

of brightoeto eottp£i.rlaoQ et 0*8 v/hx showod 

stend&r6 devlutions of 1Z% fox «aok of two obsarvors wltb 7^ 

dlff«r«nc» la tha means of thsir resdlcgs. X^arJe adaptation 

of tha obaarvar, for a period varying invar aaly with radla* 

tlan latanslty, la raquirad balow about r/hr* 

Uathoda era dasorlbad for preparing phosphor aoraans 

of any daxirad thlolcnaax by binding the phosphor powdar in 

tranaperant pleat loa. In Xuolta» tha graataat light yield 

2 

under gamBn axoitation wax obtained et 1«0 gn/om of Zn-CdSt 
with an opticus phoaphor to pleat io walght ratio of 2«6{1» 

With polyatyrana» tha light yiald of a givan waiglit of phoa- 
phor in tha optiffiuc phosphor-pleatio ratio is mho%m to be 
30 % higher than that of tha aace thicknasa of phosphor elona, 
a result of tha relatively high index of rafreotlon of tha 
polyatyranao Tha light yiald aa a funotlon of thioknaas of 
Zn-CdS and Zn^SiO^ powder under gamne and beta axoitation, 
and of various phoaphor-plnstic eixturas under goisna ex- 
oitatlcn are ahovm« For these aaesurononta a prooedura waa 
daviaad to oalibrsta tha raaponsa of a photomultlpllar to 
tha brightness of a lucinesoing phoaplior In units of foot- 
losbarts* 
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CEAPTJ5H X 



HT3D ?on A ga:j.ia iue:;.tion :rj:r/*:T 



Th« poffsibillty or tho use of atoeio weapons s^edast 
densely populated areas as well as strlotly allitary targets 
has er sated a need for the wide-spread distribution of radia- 
tion dosage rate sionitoring and survey instru»ents for uae by 
radiological defense tea»St and by individual persons, both 
civilian and nilitary* Until very recently such instrusiantB 
have been designed prieerily for use by trained personnel un- 
der conditions sueh that personnel hazards dus to failure of 
sn instrunent could be oiiainised by careful handling and saain- 
tenenoa, and by the provision of nors than one monitor If 
neoosssry* Low cost and siuplioity of operation have not 
been assent iel factors in the design of sueh instruments and, 
whether portable or laboratory types, they have in general 
been oharecterized by high sensitivity end the precision re- 
quired for research purposes. 

In this chapter we consider briefly the conditions un- 
der which indivlduffil persons and radlologioal defense teems 
night require instruments for measuring radiation, ezanine 
current civil defense specifications for such instrument a, 
and mention the currsntly availeble instruments that night 
fall within the scope of these specifioations. 
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14 <>»4J 4dLJ tit* e.2T 

• Am XI*. 4« tX#10MIA 

-MlAm TO «2&XjruNifItl«xd l>«i»a44-tMT 04J iot «m 

otijj «»l •40«fr&‘i9aal ^*ru»4 •«« o^^*x ^%mo9 ml9 

H9a4 XoxfcXviDWc; t4 •»*40't^b Xa^If/^Xol&o? 

<l©**% %IJw40*i XX<t!fiT ,x^ojriXX.4 6n# oAXiitlo 

-«•/ X«eo««i*Q Jboalo&J t4 tXIiOAXM fcoo^XtiOO fi«*« my»d 

To ouaXlol ojr oub Xonp4*‘to4 d4«i4 na^lslhuce <x#b 

»at 0 » &oii itoiXiMAti Jjflotfte \<u baclAlais ou «4 Xdoo tum^ itaaX am 
T£ 7QJ1AOS or.o izooi To AOlBXvo^y »4J ^44 baa (OeffOooX 

oirMii fsoXXMAqo To x^l«iX^lo ln« <l’tce «tv.wi .xaiMiooooA 
(Atfxo RX£t«0yrxXtx2t 4»«*% lT> »d.x al X#J?iios«io 4ao#<j[ 

X*l»fl9J| EX #v4d t0O<V^ T!;*to4Jrso4ei oXv^tfloq ^MiXa4« 

nojoloonj^ otit bna rt-sXd £>04ia*4Ao'BEd3 n<A^ 

rtooAMort 2>*aZup 

-a// »noi^Xftii*jo 04;? T-Tiol^AJ *i*oi;o«oo •» r%^*JSc ••dtf aT 

AMtsaXab lMl||OX«iMl teUi ftSM'xOq lai'MfXaMl jloXAr <Mfi 
enJUtoao ,uoX#0Xdo? o^woporuonf iAjX» 

^loua aot aao! •4Al‘iXo»44 a^oivlad Xtvlo 
X V 1 I 4 0^<L.)i^'t*t&AX *. AXIinM \X4 oA'40o oAJ AO Ham Txa 
•<.0oHoArU&«(i« 4«AA# to »o*0i oik*; alft^lK XX«1 



R»6iKtlon after Atomlt Attaefe# 

At this writing* ths £;cst uss;fuX* It not the 021 X 7 
sralXable* aouroe of uncXasaifled Inforaestlon on tho radia- 
tion to be expected after an atoialo weapon attack is a pub- 

X 

Xioatlos* "The Effects of Atoalc ?f«apons," (LX) which re- 
flects the experience obtained by the United States with the 
experlAcnt&X and vszrtLm nuolear explosions up to the begin- 
ning of X950* euflKKirise eoaie of the pertinent eoments 
eonteined therein* quoting freely to avoid eabiguitlea* 

Atmio wcetpone fall into two categories* explosives 
end the spread of radioeotlve contsaixiants (the letter is 
known as radiological nmrfert). 

The effects of explosions very depending on the re- 
lation of the burst to the surface of the ground or water* 
end this discussion is sub-divided accordingly. The figures 
quoted below apply to a "noninel" atocaic bc^b* equivalent to 
20*000 tons of TITT* and wa confine consideration to the re- 
sidual radiation resulting fron the v/eepen* excluding the 
initial burst of electro-siiagnetio and particle iradiatiou which 
ia substantially ooKpletad within one ninute after the ex- 
plosion* In general It can bo said of the residual radiation 
that the personnel hexnrds arise pricerily fren gagm rays* 
and secondarily frost beta-rays* the other forias of radiation 



1. References arc listed In Appendix A2. 
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b«lng pr«a«nt in noellfilble ftsmunts in oonip&rlson* Th« 
•n«rgy of the reeidual rodi&tlon la not diaouaaed in detail 
in the referonoo bat the averego energy la said to be 0*7 

Her. 



(a) nigh air burst (above 500 feet): 

on etoolo buab is detonated nt a 
high altitudSt so aa to oause DexltBOC blast 
dasiags in a city, the hozard due to rsdio*^ 
activity on the ground after the explosion 
is smll*” (p. 269). 

(b) Low air burst (below 500 feet); 

Approximate radiation dosege rates were noesured 
on the groimd one hour after the first nuclear 
explosion at Alamogordo la 19A5* where the burst 
ooourred ot s height of 100 fest« The dosage 
rate was 8,000 rcantgens per hour at ground 
sero (the point dirsotly under the burst), and 
fell off rapidly with (horizontal) distance 
froa ground zero, to 10 r/hr at 1500 feet end 
to 0,3 r/hr, at 3000 feet* (p* 270)* 

.after an air burst at low altitude an 
area, saall oomperod with the denage area 
due to the bomb, near the explosion center 
would be uninhabitable boocuso of the radia* 
tion hazard, •••It would probably be 6 hours 
or more before it would be eafe to walk 
across the area.,,,” (p, 270 }« 

In addition to the reeidual radiation on the 

ground under the buret, se.parate consideration 

la given, in the ccee of lov; burets, to "fall- 

cut,” thet is, particles of dust curried upward 
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bf th« hot oir ourront around tha burst whioh 

later fall to earth elaewhors eorrylng rodlo* 

activity. Xt la atated that» 

"Tha fall«out In the eaae of a low air burst 
night be an inoonvenlenoe but it would not, 
in general* represent a real danger. Xt 
would probably rerely be enough to prevent 
passage across an area* although it night 
neoesaltato suspension of operations for a 
few days within the area." (p. 274). 

(o) ^hirfaoe Explosion: 

"It is reasonably esrtain that the oontcuai* 
nation due to neutron-induced aatlvity in 
the vicinity of the explosion would be very 
high. •••airborne aotivlty, which could pro- 
duce a sigoif leant fall-out* aight conati- 
tuta a serious hazard in areas directly 
downwind at sone distance from the explosion." 
(pp. 274, 275). 

(d) Underwater ^irst: 

"Of the types of atoc^do explosion ths under- 
water test at Bikini produced by fsr ths 
greetast degree of radioactive oontaoination... 
Tha extant and dagraa of oontaalnation will 
probably very aarkedly with the oondltlona* 
such as.... depth of ths burst* acteorelogioel 
conditions.... and topography." (pp. 276-277). 

Of ths total rediotion dosage at a given dis- 
tance from surfaoo zero* about 90^ nay be ex- 
peotad within 30 oinutaa of tha explosion. In- 
tegrated dosage contours* baaed on the Bikini 
underwater burst* where a 5 n.p.h. wind was 
blowing* plaoe the 100 roentgen (total doss) 
contour 3*3 nilss downwind froa tha burst* and 
the 400 r contour 2.2 miles frem the burst. In 
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iinULMS IOPV«k «1« ^OA AiE^ ^ 

•«ti#i**«X* d'j^M «»jr XX «1 

iv'xW ni* «•! d ^ ftiu aX #u»*xx#i t^rr*’ 

,#on £!{«•« 'i JM ^l^^i^^9yr-o4^al a* *4 Ari*«.le; 

4*1 ni 

hIjyXa tfX A^iiuxiittX* ,e«9a jm 
A fS«l «0«(nnttM ^Ck BclsiSa^ajM »4^XM«e»a 

C0oX»eX<i2:S •oaltui? (o) 

«laa4ooo 0/iJr 4M4 nX»4i»» \Xd*.»D2a«'i Hi JI" 
k 1 ';?©<* o4 aub HoX4*4f 

mA Nisjcm flsJaaXfSB ©ui# to i^AloIalT ©lAiA 
->o^i ]>I;JO» Aot^W tXJivlAma •a^iOd‘xlis,,»,ii^lti 
tAalA ,4<i«»XX«1i ifn.uoi3LlA^Xa « ©orb 
tX4s«'ii» «M*x« ni Mc^«d aucl^aa © »4vA 
*«M^XttOXt3U» 0414 flOTl •Mt^.AAXb MM* S4 fe«I«w»ob 

,u?s «4VS .(h) 

!4«m)C ^:»4««n:0j&nU (b) 

»A» not*oX:i» oIaoJ- lo 6*<i\4 «.tJ tO" 

0i£4 <«4iX lA laiiiXfi t* ’zatTaa 

«• «(iCl4«aliU4aoo •rlSot^lb^'i 1o 9^i^»b 4*«4«»X5 
lltm asslimxlmsie^p »*s 40 b bco 4a04x© ab? 
«»coX5ir.iioo *04 xX->04l'3:« %iar xiAmdO’XH 

XaeXj^X6«>'^4M «4»xi.4 «A1 lo MAqi&b «..•«« £loi;f 
♦ .xc) ■ *xAiax'XO<lo4 fca/» « « . .(MoXAlbao© 

<-«lL aavls a ^0 a j^ a au b aolJ9i,\4t I* 4 oX »xl 4 to 

»ci 44 \9m AaoAa ,0'i#« ikfeTl. »9iia4 

-Al ».iaX«^Xt4a 46A la aaJitaiA b»4^a^ 

l<ii;41i} aiU An boSAft t0%imt94>:i »j»aa& ba4.««a64 

taa (i£l;k .il.^*a ^ a rptmrrabass 

{aaat Xa;TOc^) laja^atvn; UU a4J •o»Xq ,^alaoXd 
llL3 ,4*Tirj t4i aatl aaXXa f.^ hjjoAcco 

ijT .Xn-Afcd a*i4 «*oAt »«XX^- -w.- *xmoMo® X OU4 a*l4 
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oth«x dirttotionft contoiirs w«r« aorstta- 

pondiii^lj cIoa«r to eurfae* ztro* 

Appxoxljsmt* dosage rates one hoiir after the 

burst* downvDlnd* were $0 r/lir at 2 miles* 10 

r/iir at 3 miles eud at 5 miles the radiation 

was negligible* A different wind yelccity or 

a shift in the «rind shortly after the explosion 

could of course alter the results eonsidsrably* 

(e) liadiologiccl lifarfarst 

”Cn the whole it cuvy be conoluded that if 
radlologioal warfare is used as a wa&pon* 
it will be in the form of emlttera of pene- 
trating gamma radiation for which proteotiwa 
clothing end gas masks would be ineffective* •• 
However* it would appear to be a difficult 
Siatter to lay down such a oonoentration of 
emittera over a large oraa aa would 
oeuaa aerioua injury from a abort axposura***(p.288) 



1*2* Monitorlny. Kquioaent for unergaaoy uorkera* 

While the foregoing eomsienta establish the almost self- 
evident fact that an atomic attack on a city would result in 
radioactive oontaoinotion effeoting a large number of people* 
they do not readily lead to the particular Units of sensi- 
tivity and other speoifloations for an instrument Intended 
for emergency use* 

For guidance in these matters we torn to a recent pub- 
lioation of the Federal Civil Defense Administrstlon (F2) which 
sets forth speoirieations for radlologloal monitoring Instru- 
ments for use in general olvil defense operations* Those 
apeelflostiona were compiled by a oommittea* including repra- 
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ftIXiSw •« •.S’XAX a Mfe±*S 

(38S,qr**‘2^*'*^* ^*8049 a * 01 ! RAcli*# ae 0 »o 

«lXaa 4««aUj« a»ivf #aliuale» alnaAiAc lAla^<nal axl^ aXlxrt 
111 iria%M'T ^Sojo^ \lt9 A tt9 »LaA$M na 9®al ^fcabiva 

\o ''j'4tnm a^sl « fakJiaallC' nal^9iildui<?£200 avUaaol&as 
-laxiaa lo t*lv:i XiTLm a4t o^ fcaal xtlhm»% 3o<i ob 

bmb^Htnl *ii**ae»*rjaf:l aa ■:ol wi^ot^fcatVlea^a ‘j.mtUo baa 

•tfKXi sol 

-tlllf liiaiii . a «9 90 ataj^AA S&»Ar Ai baeabloft r^o' 

((ri) aai#o‘ijaiir.l«b4 tMUzslau llalv X«i4>3»1 ab;t lo oolXaalX 
»Z7‘r#K^«i ^laOv^tn'^r' f®&i*sXc>15«% fsl B.iu>AAallloa(Z8 ac^ai 

aoAS? •a«rofr#ie«aAG MkaAlab Xt^wt iMVoot# al aa*' sol alri«A 
•>9S(x«'f anlbw-Ml a WIl‘i«»da ark^M tooU^Aiilaa^a 
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oentatives troa all interaatad Gorarnsu^nt a^anciaa, whloh 

"•••»d«tariQilndd that two typaa of radiologioal oicni- 
torlng Instruma&ta art rtquired JTor gacusM ray d«* 
taetlont 

(1) A Meh-intaaaity inatriiaer't for ar«a aurvty 
oparetlon imedlataly rollowing an atooio 
attack* These instruments aust have an up- 
per range of 500 roentgens per hour. 

(2) A Xow-lntenelty Inatruaent for special long- 
range surTey work in the weeks following an 
attack..... The range of these instruaents 
need not exceed 500 ailliroentgens per hour. 

**The ooaffiittee has deteraiaed that while certain in- 
struments now aTailablc would be suitable for the 
low-intensity radistlon sieesuracient in the weeks 
following a disaster* no Instrucaent suitable for 
oiTil-dofenee hlgh-lntenaity surrey work has yet 
been developed.” 

2 

The low-intensity inetriuaent currently resoxosien^^ed 
by the Federal Civil Defense Adainistretion is sn ionization- 
chanber type* portnbls* battary-powsrsd dsvioe having five 
ranges of full-scalo readings 5? 50* 500* 5000 and 50*000 
Bdlllroentgens per hour* detecting gacsBo radiation of energy 
60 Kev up to 1.5 kev. Specified precision is ^ 15^ (of ths 
4/5 full seals reading). It neets military rsquiresento 
for ruggadnass, rosistanee to tamperaturo, huoidity and pree- 
sure changes. Battery life provides 1000 hours of continuous 
operation and a shelf-life of about 1 year at 70®?. 

In the sbeenoe of suitable hi.*!h-lntenslty instruments 
fer civil defense purposes, the concittee drew "Tentative 



2. Typo AF/PD^-T-l, ssanufectured by Tracerlab, Ino. and 
Kelley-Koett Ufg. Co. 
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BJ;r fJi Xa*c«'K»«u xXIftot/tsX-'*^! 

TCi •.tjci»2ca on ,^oXf«Xft • ;fcciw©XXo‘J; 

•tn Bf^ct jLiom xmrif* X^ ^^r-*>Sri-^itd 

*’«N>q’oX»'»l!» fiBBd 

xIX. i#*s<tf*o #jCT 

-nei-^Mlc«l nB •! ar-iX-. ’ll# •'nino^ XlTlO Xb-sb^bT Bill \4 
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•dX to) ^?X ^ Bi iw/firteT'; .yoc 5.x cJ qo -wsjf 09 

bXabsoi U^^- orc **1B^ CM .(.fl-Ub«6t 1X01 5'J 
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BAIOy.(ritfaOO lo Bitito.’l QQCl •BDJtroi': „B%3flB(tO 9lJm 

6 

•1 0? 1 i>X X ^*1 ;1« *^0 tlix~ll^ t- • 

««£Mfc^-»<Ii?i;i*ii vf lo f,iT Ct 

BVX.fc^n»T” WtTtJ OBf-Xwic f/!j jBBR:«;-.VT 94A^lei'- I' ;2o T3l 
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np«olfioationii for a Civil Dofens# High-Intonsity Hadiatloa 
Surrey Meter publiahed by the Federal Civil defense Aitolnl* 
stretloa In the same report (F2}« The speoirioations ”estab-> 
llsh performanoe requirements for a stsoll, llehtweight, rugged 
field inetrument for tseasuring garjaa radiation which asy fa* 
•alt from atomic disaster* The Inatruiaent will be usad by 
relatively Inexperienced personnel and should provide ease of 
operation, maximum operating life and require a mlnimuia of 
melntenanee*” These specif ioatlons, then, provide the best 
currently available guide to the characteristics of an In- 
strument for enorgenoy use and they will be briefly outlined* 
The device may be based on any praotloable detection 
principle and must respond to game radiation of 0*06 to 
1*5 Hsv energy, over the range 0*025 to 500 roentgens per 
hour, reeding correctly within 30^ at 5i 50, and 500 r/hr* 

An integral cslibratlcn device is to be provided to oheoh per- 
tormnoe at one scale reading* Battery life is to provide 
25 hours of continuous operation, and overall life except 
batteries must bo at least 500 hours at 500 r/hr* There ore 
in addition strict requirements to cover various operating 
conditions, as tempsroture, humidity, corrosion, immersion 
end vibration effects* The instrument is to bo portable, 
heving a weight of less than five pounds end a volume of 
less then 100 cubic inches* Various requirements on circuit 
stability, intarnel construction and external features are 
also specified* 



aoi4^»iba<V ^ Itrl^ A ««iol;r»o.tlZMiq[r 

XltlC' X«id^«T t«TYi^ 

s tV •ll't) mAl at nol^arf 
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^ M«A IkX^ u.«B. da« 2»C(S»i7.»^xa£tl xIb* I tmlax 

1o a «t!X a;A»Xx«« «nol^«ia<ia 

t%»Ji *tW 4<A*£li (a^iftAi^aoXHoai* »«••!! r '*«eos«4t4k^f4lA4 

-ixX ca -Xi^^dA^tiiclo tJLf ot Bbtita alciall?^ x-^'XaaiTue 

^haedlisio ad IXXm >(^ui ?vjk bbd toaajxMW 'ToI jraami^a 

iiol<;^oar»& •X<.»ol;fo«iq >i« tmami aci »e£f*l> 9dT 

ci ag« 0 lo saiJ-jidav ^rs» ftrn aX^rioiilaq 

Z9\ 9a»^tsi9Bi 005 0^ 5*0«0 rnmn ®-i(f n«vo ,^l*iw* 5#X 

CC5 £>m^ «05 «5 •Xa ^Ot ^ iXtooT^oo s^iu«©i txaoii 

-%»q, jloBiic cl bsbJvoi'4 ml ol -1 aoivaft aoiJAidlXao lin^asp.i ca 
aAlroi^ ol bI aliX *aasXl)aai oi^cu ©ao ©ooAaiol 

l>!©di.« ©liX XXarStfvo &4d «ooXi'Ai»<]o 9*.ftVtkXfmi Ic a‘tt*Cji 5S 
•*£0 ©laft? 005 BZiiiiA 005 i*a#X Jj Od lawn ^©i-iaUad 

*inaii«v -iBToo oi3l«8«daJU»*,»n sol^iB aotSDjbm at 
wplBYOml ,'joitozns^o etit^Xauil g© ,».colll&aoo 

4f Idel*$o<4 bS qS b1 Intai^ilanl ©rff *alo»Tlg aotS*zdtr hRB 
"to fci^ulcv a k£L» aX)j 2 J»q ©tXI aoJl fiaX lo ll-iiaw a ^Itad 
lXi»^T;Xo c :9 a /^U4g»itii;y®i a^CXi^Y eldxio OOX flg/11 ««aX 

•i;« g#gji»l«wl LdtazBixo 4 **. • uclds&jxltao© X^ivYnX ti^XIldalg 

,5©A*5:!©»^g o»Xa 
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B«ouuso ot tHe r»l«tlT«ly r«o«nt publication ot these 
specif lestlons* it Is doubtful that any currently eTcllable 
rediet ion ncter has been designed specif loslly to i&eet theoL« 
Two dsTiees whose sensitivity raxige nay possibly be extended 
to meet the above speoifioetions have becocie available in re* 
cent months end will be described briefly* 

LeVine and CiOiovanni (L6) have described e compact 
hand*held instrument detect in(» ganma rays by a aeiger*MUller 
tube using 700 volts provided by a novel vibration circuit 
operating fr(»i two aeall (Type J>) dry cells* Two nodele 
hsve been designed, one covering the range 0*2 to 500 r/hr, 
the other about 0*02 to 5 r/hr* The unit cost, for parts 
only, of either of these is |14*50 if 100,000 are to be nanu* 
factured. The authors state that modifications oan be mads 
to meet the above speoifications* 

Another recent instrument, the **Fooket Hadlao** {Tl} 
is an ionization chamber type reading 0 to 25 r/hr on a 
Xogarithmio seals, with stated eooureoy of 25^ at any 
reading* The instrument responds to gamma rays of greater 
than 0*1 I^ev energy and to beta-rays of over 1*0 Idev* Op- 
erating life is 65 hours, from two heoring-ald type batteries* 
A modsl readiiig up to 500 r/hr is in preparation* The pre- 
sent model is about the size of a man's hand* Cost is |49*50 
in small (luantity* 

These devices ars believed to be the leading represents- 
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«i*rolJii 0 nXoa^a av-w^tf sil.} #»a«i 
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* «o xd\x <S o3 d i|CLij««x »qv '<**^r4£io aoiJoaxaot ab al 

X-* ^ t». Y0«1I>C»4* UmSmf fUI*« e'»/>-3i o.tiO{3^xi^X 
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99inaffmd «<jx3 sail «ax^o4 £J» ml mill j^ls^Vb 
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«X 3a®0 «<>a«« « la afla $f,S Suoda 41 IaOo» * n3» 

•T3X3ABC^|^ XXm» fli 

axfaaarrtBX srrXttaaX td-f »4 oS ^awtlfmd mro aaotraB aaa^? 
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or t2i« sort of instruasnt oo&teiOtpXotsd 0 / ths speoi* 
flestions quottd abovs. A numbsr of other types of gaom- 
ray detectors haire been mentioned as potentially useful 
after an atodo explosion, for aeaeoring the integrated 
dose received by an individualo These include pocket dosi«> 
seters of the eleetroacope or ionization ohacher type, photo- 
graphic fllA badges, and recently a silver-act ivated phos- 
phate glass vi&ioh fluoresces under ultra-violet light in 
proportion to the total geofsa radisticn to which it has been 
subjected. All of these are quite sisiple and rugged, but 
require auxiliary apparatus for either reading or ra-oharging 
(where applicable} or both. Though e lacssure of the desage 
rate can be obtained with all of thesi by timing the exposure 
of the device, their use for this purpose in the field it 
subject to the principal objection that tha information to 
obtained appliet to the past, not ths present, and that 
earsful shielding is required to laeXntcin the usafulness of 
any reserve stock of such devices in the presence of radia- 
tion, 

Wo conclude from this brief survey that in spite of the 
isany varieties of gamma-ray measuring inetrumenta in existence, 
there remains on unfilled need for u wlde-runge gamma radia- 
tion survey meter of simple and rugged charaoteristica. It 
la the purpose of this paper to describe scmcs initial investi- 
gations of two possible bases for such a device. 



ciit[3 X* lo 9iiS Is turti 

1C «SilJ Is ‘SSCfAArs jk •svotfs SSSiJ^VOll 

Xi/lBSii vXXu.•>ixc4^34 *4 ^S44»li9Sjr dS£iS sxeiosXsL %m% 

t> 0 ^ Siti o«1 ,C«X*aX^£« siiiQfA. an 

^laat ^s:^cv^ s£jui.cr.i sssjOT »Xsi*i:>lsliiAX an tsrjtsosTi aacb 
^Sr,si(i ^m^^xil s»(fn.«rs aei^si.i«oX %s s%c.Ck«o)[j'ssXs lo (.<x•i^«a 
-swjlx ft# cTsviiOf :»t& «ess.ft»{. #11*1 siilqal# 
Hi wBX«l7xr«<99Xii csoBrxoifXl xlold# ssBij) »lsri<{ 

c«»(j KMC. ialJ^ n<c aiiBiii S.ai€ii »dS oi ^ai^^o^o’iq 

'JuK aJ-fialZ Sllxr# S74l 1# ffk 

7Q «fit ‘Xd4v^ts ‘SCI X^taIXIxi/m s-3lu4.sx 

sii;» lo 4‘ii2ts# s ri#ifeii7 «ddro 4 (si<isolX>;it 4 # s'xsjiw) 
««US»* 4 ^# &4^ |)ftM2.? c4 ■*<!# 1# XXs ftrHl#/48 s« xs»o 

fl ftCsil Al »lxi^ *xol stv cid *4 ,4»!v#fi sill Is 

0t saU <^sd# iLcl^s»^Ao Xs^lu^Mq sdl^ oi ^s%t4#a 

la#/ t#s adi i*-a * iS oX bmulnido 

to e.s*#XolMJi nds aIsUXm qJ ii sm12>Xs14s Xxilcacs 

->elft#^ xO v^ru40^4 s4^ isl ssolfsLi 4 *s,<.i» lo 4(<>o/% stosssi xss 

•ool4 

•Jly SCJImS «1 iJ’cKid tST-aJ# vl4^ i.3*xt SbiuXO-AOS #V- 

4»#c»#?tlj» Hi. BX iSAU'Tifsai ^alix’KBiBn »»1 a#1c.«t x### 

a -lot I)#ss aa fut^LsMbi atadS 

41 •«.olJSx*jk^oAC«iv4> ftau alx/alt to iisd^SA noli 

*'li}‘S8rTaI Isliljil *M«CS #(fx'%c>##5 O^ ‘XSqa'} slli^ to SKOi'U^ «uX# #1 
«soirsft s 4#:« iol #*§«c sXdis«Q<9 c*i to «b#1J’s§ 
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nTcs^>f(5n vir>- .u sr -^nn-c-To-a; . ic ozu. 



Zm X. Introguot j cm* 

In th« seercU for a fjriiiolpie upoo »iilch an inatru- 

a«nt of th« sort fi«icrib©a in 5eetloa 1*2 miefiti b© b&iteO, 

ettanticn w&a directed flrct to tue uae of u slriiXe ^oto- 

1 

volteRio coll, of tilo burrior-layer t/pe. Tho coll me to 
view a plioepitor crystal excited to lasdneiteonce by aM.ia 
reys or other energetic rwdiction end ti e sensitive eurf^oe 
of the coll eould convert tlie llr-^t into tin electric current, 
iBStteursd by & riioro-aianotGr* X'roliiftiiwry oelouletions, re- 
produced below, indicated t.*u.t ti.e eexieMa current obtein- 
able would bo quite ooell, but nevertholoea it see«ed ad- 
visable to experiment with thin irinoiple to on extent euf- 
flolQfit to determine the possible eensitivity of ouch a de- 
vice made with currently availeble couLponents. It is ep- 
parent that, should aufflolent sonoitlvlty be «cM»ved, e 
device of this nature would be extremely eimple, reaaiiy 
nanui^ot'ired , and wculd novo #*n ind«finit«Xy loiV2 ei*ei:- 
life, since no powar aupcly wotu.d be required* 

2,2, Choice of boto- Voltaic vsll« 

33rrier-la/sr photo-voltyio cells now coisieroi' 11; 



1 . 



The use of e photo-volvaio cell for this /urj oss me 
first su;^fieeted to the aut-uor by rrofessor Clurt r.o<xi-Mtio 



oi 
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arullnbl« ure pr*..otioally all of th« »alanlu« type (A), 
oori«iatlr<d of a thin layer of crystalline oalanlum on *a 
iron oaae« oo7sr«d with a thin vruttarad aatal elactrcKie« 
seleaina la thoui'ht to ba a dafaet aaial-sondaotor with 
holea in its highest fiilad energy bend ( 11 ). In contact 
with iron, of lower work function, aojuo of the holaa are 
filled by aieotrons cilf.retiaa aoroea tha interfaca froa 
iron to aolenlaa, aettiac ^ field across tha bmindary 
region afcica forsto the berilar layAr« In this ooaciitlon, 
aleotrona exoltad oy liicldant ilent -awy rise to tha ai^pty 
Gondhctlon bando In %bm Interior of tta seial-oonduotar , 
such eloctroiia he.ve * whort lifatiaa, as they 2!*11 ijxto 
tt&a }3olea of tne highest filled anargy band, and no otur- 
rant will la the ration of t*ia barrier layer, hoiw* 

erer, these holea are rilled by the electrons wsiich jalgra- 
tad fr« Irono Ronoe <lactroiia in the conduction bend 
have a lon^:«r lifetime during which they are urged by tha 
field toward the iron, or«»*ttng a current <> under aoderatw 
llluninotion, ts;a opan-olrouit potential difference bet'«e©n 
%lv iron buea tha top electrode is of the order of 0^2 
volts, rising to • waxioutf of about 0«55 volte et very high 
illuoiastion levels (Vl)o 

Inspoctiaa of esenufaoturarc * literature i«Uaat#« 
thst the P’lTfocsdno* character let ies of photo-volte ic colls 
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vftry but i'ror. one evenufooturer to the nert* r^eMi 

of the ciitirM 0 t«il 6 tiCi nC a tyidoel Gaeart*! leotrlo cell 
of lol in« aonsitiva curfeoe are oLovta in 7i§;ures 2o2*>l, 

2, ene!! 3, end «n ©'Uivelewt cirowlt re;re»antli^ 0 ‘Onven- 
tlonal oaila i« 4 'Jvofi In Ttjuro oharaeterie- 

tioe of interest here •res 

{a) Spectral ••naltt'rlty a&xlcttia nearly coincides 
with the WRvaleJi^;th of neoclJKiua eensitivity of 
the hnaan eye (fi^iure 2.2-1} • 

(b) i%h a*p^li ajrtcrwel reeletenoe lo^4?, curyent 
outirtit if ^.roportioDcl to ti*e illutil^ir tioa 
(Ji^ure 2.2-2). 

(o) Xntci'u«I j>eeietatiae {end )ie-ee oacter- 

n»l loo4) ie e nmoxioa of iXliniis^tiott (^c- 
ure 2.2-3). 

(d) 3hort-oircuit carre«it le aourly ;>xci:ortlo.jel 
to eeneltive area. Oycn Oircuii volteca le 
prbctioellf indapandent of urea (Gl)« 

(•} : peei>*l etteution to tta deUtlia of eainufto- 
turo aey proouee etllJ with ourraut resvAoae 
about 1(2^ hirhar ttian the cYdre|,e (1)® 

(f) ^epreeeul.etlYj y&Iimb of the a4«Al valent cir- 
cuit eleetarite of ^i>^ure 2.2-4 ere (^)l 
C ^ 0.1 to 0«5 rtfdo 
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WAVE LENGTH (ANGSTROM UNITS) 

Figure 2.2-1. Photocell 
spectral sensitivity for con- 
stant energy at each wave- 
length. (From Ref. Gl.) 




Figure 2.2-2. Photocell cur- 
rent vs. illumination (tungs- 
ten, 2700^K) (From Ref. Gl.) 
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Figure 2.2-3. Photocell in- 
ternal resistance vs. illu- 
mination (tungsten, 270QOK). 
(F r om Ref. G 1 . ) 




Figure 2.2-4. Photocell 
equivalent circuit. (From 
Ref. Zl.) 
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Ug 50 Oiu&s 

Ki « a function of illuainctlon cud ex- 
ternal circuit r©3latci2c« as •town 
in 2*2-3« 

s:ith these character loti os in nlnd, two spacielly faude 

2 

pl’>otooell5 with sonsitlve areas of 15 were obtained 
(froT; Qenerol ''laotrlo Goi^^ptny) for use in the ejwper limits 
described below© For theee oolla ti*« cheraotoristloa es 
g.lvon in ^l^uros 2*2-1, 2, and 3 represent mlnla*j#i eip»otod 
perforisaaoe* (If sscall external loads are used, ©orree pond- 
ing to short-circuit conditions© the o^irr^uts &ho\m in iMe- 
ure 2*2-2 should be wiltiplied by the r«?itio of tne ore^^s 
{ *• 2.1 ) to five tlis expected current.) 

2«3» Choice of I,<ugdn»»o»nt Uutcrial* 

Raving selected a j)hoto-voitt.lc cell© we eought a 
lusiiiiesoent 0 )Qt<«.riol (phosphor) with seiasitivity to 

gsnma radiation. In addition to evoil^wbility end coat, tbaee 
mujor factors were considered! 

(a) The msteriel chosen itiiGalC be of higJi eternio 

nusber, so tlv«-t it will wb«oz^b as «oich enen^ 
as possible froa the 2 ‘ediation. 

(b) The oateriai showld esilt ot visitXe li(*ht a 
large fraction of the ener'^y uoiorbed® 

(o) The epiltted light should ff ll es jjserly ?s 



»OUft Aik AAAAfAlAAA itiUnip ISKt^t 

oi 

iftM %ii#l0A^ Wf$ «6<A1ji AI AAl#AM#Ati0VadLD AAAdA 

WaIaA# 0 AlOT SaA fi lA AAA«i •^IAIAUSAS 4#1 a T * f‘"tffTlit3 
AlAAiljAA^I M# Ml MV W) iyfUf^fmlO AIaAAaIA isXW09^ SAf^) 
AA M^AAttAfAAVlM AA# AIXAA AAAAA ««f«M AaAIsMAA 

MAA^ l A tA l a /AAATVIt^ t ta »t ,X-4»C ArO%n 9j 0AAi« 
-tePfAMVM «&AAA AAA AA««X IaPAAAXA XIABA tX) »AAAAMtlA« 
nff Al nufito AJIMAAA AAI ,MHl#iJteOA fiWAti0-*9AAAA aJ ^ 
A«AAA Aia^ Id AllDf AiU ^ aa1Xq4^1i« itf AIDOAI ^I,€ 

( ^iamxtvo ^AAA^BA wiJ aaIa a# ( X«S • ) 

ftawAn/.fli»; aaIaao ^ ^ 
A JAiii«A m «1Xao AlA#XATo#ttrtii A XaidaXaa 
f^JWXrtAOM MMteAA Mia (DAAAAOil^ iMlthim iDDADAOjaii 
AMdl ,jAOA AAA tmUAUaVA A# MX •AAilAlAj^ AMH«a 

I^AlMiAAOA AW AWAaI «AiAA 
<ilA ^ aA m>bAa baaaaa iMtftm itf (a) 

VAOA ilAlM AA #«AA4*« tU# Jt ^Adi DA , fnlTir 

AMBS AM AlltfiMiQ AA 

A #40ll AitfiAiD CD iiDB XIjIAAA »d? <4} 

•M^DAdM ^ OAlJDAfi MAAi 

AA AA iXit tfiiiMa MaU AMAioB cif (a| 
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possible In tlio n^ion of !2»..xJia4Ea j>hotoo©ll 
sensitivity, 

(fl) ninoo the ro3i>cna$ of i?hoto~voltelo cells d#- 
orecvsea wltn Increuelnc frsQU^ncy, a^opid deocy 
of the siaitted light pulses «»ould be uadosir- 
nble, 

iinllnon &nd co«>worksrs (31) have aede on extonsive 
study of tho obaolute enerry* yield of various luMnosaoeat 
fl*4teritila excited with aljpha partloloe, gomu rays, und i<*eek 
x-rays. Their results show thfet, in fteaeral, the inorrianio 
phoo’TJhors emit as visible li#*ht a greater frcction of the 
energy abeorbed than do the or^nio lunlneuoent materials, 

Cf the laorftfluio •esteriels they touted under r 5 *»e radia- 
tion from re.^.lus snd its decay producto, the two nost auit- 
eble for the proaent xJ^irpoee "re copj-er-* otiveted xino sul- 
fide (denoted 2 a^:(Cu) ) with an efficiency of 22 :^, cmd cop- 
per-activated zino-cadniius. sulfide ( ji-Cdf(Cu) ), vith aa 
ef. iciency of Ift., Tneee erfloienc/ data represent the rttio 
of energy erJ.tt©d as li^ht to ti^e (raciu*) game, radietloa 
enci’/iy oosorbed by a thin layer of ;»i»oa>*hor. The efflc'en- 
cles of several sulfide idiosi-hors, including thene tvo, Mve 
been siib'*n ('51), to be a function of the iiitensity of 

th» cjr.oitini' radiutlon, and of temperature, '*'or thie rstaoei 
ieliraun (L 2 ) has stated, roforrlag to th« effiolenoies ciWd 
s(w>ve, ti-.»t they be in error by 1/5 to 1 / 1 , 
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^ %li0O^ 1* «Hjft (») 

ku^ vn 4Jtm> •rna^rm 

Ai »r4« |Xi) >^Tt>tn — 44te tiM> 
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mrnrn^ 9 J 4 W .ru^wm^fms %9 Ai- ,«r«Uf.i&Ai A»r9j:«tA 

4»4U fe^iA^iA^TU VUVfAlrt «|^ IM 

«CN4 •# A« 1 V 11 M « t \0 «>7tA Ai Ai CM Tt lf^ j»a/ (AVIjAA 
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tiio'iih til* r-»lctiv'« v*4xU6# rr» oorr»oto 

DotL of tli 660 i*i.o*»ol.or© iiJ5j7t in » fairly tooafi 

si>©otniRi tM .«xii3twa in boti' c«i»©m u«©r the 

w«f«lcnst2i of noxieu** asnoitivlty of tl*« Imrrior** 

iMjer pooto-voitfiio oollo If tbo re.l'xtiva Bi»©otr<il 
but ion, of tfio «oorey ©nlttad by • /J»o«7li&r is iaii>Ti 
as 0 . funotic’i or wiiTalenstii, then tu« -•Yer-go curroi i oonai- 
tlvity, of 0 pnoio-aanaitive surface to this dliatribation 
can fra eMlcuiitocI *as 



where .*% raiK’frMcitis tia o'lxrvst rtapooas of tho fimto- 
••nsltive surface arvelea(?tl? \ ral*. olra to lua curraajt 

outsHCt Zq (dki9)air«e par ua^t leol4fr’i% CMror) at taa iniva~ 

lav^th of aaxtnur saotitlvltfo ? it thut c. flaiira <vf aarlt 

for v-riouo oo-^bin..* tioni» of pootocali #«irfkiea« onA j^.lioa,^iior»<, 

G*i.lcal«>tioiit of 5 have baaii; fbr tltf two j^uowpihora n f « 
tioned &boTa aa frwit^ aoot r'ai%wbl4> ta*au ^ tuu raiarauM 
curvo for bba rsenartl electric call t„J'<-l)o 'tar 

/n^(i3a)j tiirt ai>^atr»l anSoalOB ourva of a viry exvit>lant 
phoayoor ^rai^raa. by ttiba { ^3} aaa a^yloyaC, aiilla fot ia» 
G4-'.(Gu}, a ayacurul ai*ltaicMi curva, '^.'*-1, for oaa 
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of the plastic-phosphor discs dssoribsd in Chaptsr 4 wcs 
used* The ordinates of these curves rspresont* in arbi- 
trary units, energy emitted per unit energy absorbed, per 
unit wavelength, under excitation by ultra-violet redin- 
tion* Since the eeiission speotrua of a given phosphor is 
constant, or nearly so, under various nodes (alpha, beta, 
gacina, ultra-violet) of excitation (L3), end (Kl), these 
data ney be used for the present problexa involving gaesfiaa- 
ray excitation* 

The figures obtained for 3 by graphical integration 

are: 

ZnS(Cu) : S - 0.89 
Zn-CdS(Ca) 1 3 • 0.95 

The tine rate of decay of light pulses froin phosphors 
appears to be o sensitive function of constitution and lasthod 
of preparation of the phosphor, ^uch conflicting data arc 
found in the literature on this topic. However there is 
no doubt that SnS(Cu) and Sn-CdS(Cu) salt light in very long 
pulses ooEspared to the short (of the order of 10 seconds) 
pulses of the organic phosphors, and the aino end oodisivm 
sulfides are for this reason alcaost invariably used whore 
long persistenoe of lui&lnescenoe is desired, e«g«, in slow- 
moving oscillography (R3), (L2). The phosi^horesoont decay 
of a Zn-CdS(Cu) phosphor material used in the present experiments 



%JC •> 



Mm ^ al bm4tn»m9A tMim ttdS to 

mlttrn oi «4M*o‘s|rt MTUI9 mmU )o mm&mnltnm «-J7 »bmmu 
,ow««*»i* ^^yMuMT 4fjii» ^m% ,^^hw *] 

#vii«io»oWC« 9»l*%ilaxm ^»bf\i< tltw 

Ol toOvt^ « To »oi«4i*« ihM ftSrtlB •l^oZ4 



««l«4 «Oili4l4} 4 4 >< :m I 4Al4tV«0 ,0« ^t444 %»t «9llo4on00 | 

ee»J4 ti^} boo «lC-2) ool^oilMkO To i4oIoiv*>4jS}Iii (ivoios 

->iBB4|| pftivl&Vfti AoI»e^ rooooT^ oiU isoT Moi/ oO x«s o?ob 1 

t 

9ttolimSl&x9 x«i 

l•ol^>v.o%;| i& ml b»al»4^o ••Tool! 4il? 



^.0 « 1 I (i»D}S4S 
55,0 « P t (i;0)fbs>-«5 

•'tOiiQOoOf »*lT 4^.%IX T^ Xooob 04oi ooi 4 OilT 

bocMoo ifio AoilM^liOfsoo To jaol^ooiA orl.iloooo a od eJ o'xos^q* 
K^ti t>Jmh ^limir\tMQ aoiAi a^^tistocm oilJ^ To aQlt^nmq^zq To 
*l »¥ov 4 %o* 0 Mg 0 mtM mo oto^^onx orfi nl 4axiol 

^aoX \.aoT 4X v;«ao (xfO)8bO-a& kio (iO)4n« smti;^ Sdumb on 

m 

(o4«tut>4« UL 'X^ >o6tBO #aj To} tzojm od4 c;T b ooo q^oo eoaXxrq 

^i."ld.T orr- t, ,t bs.4 eOTOlfaOOtli OXOOO'CP od;^ To aooXjif 



OTOito kmmt< xX<!*'XT<>mL fooaXii ar^v^i tbT •io eoblTItfa 

>oiOt,r fvJi ^f^’OTrovi Ot fOOOOoOr-LAuI Ts 00«iol4XOT«q O^oX 

?'?ooo#a54q»o0 i 4<^T »(5U} t\Cb) TA^oTj^^oXIicoo m^lyom 

eXnoiUtin*^ mM ol booti Xoiio^oo a«i'\o04.i| (aO):AiM-4& • To 




t#TO 1 



19 



persletQ^. for aor« than 20 itlnutas aft«r axoltation wa« re- 
novort* 

To sunniari»«, Zaf?(Cu) anfi 2aa-C<lS{0u) app««r to b« tuit- 
able phosphors for the prsBent applieetloa, o» they hare 
reasonably high gaaen-ray ahiorptitwi character! stlca^ are 
eaoxig the ciost effiolant energy convert ere, «ia.lt light in 
a liend favor Ir^*, the aeleaiuffi photo-aonaitlva surfaoe, and 
enit pulses of loa^ duretioa wiiioh avoid the poor higho 
frequency response of barrier-layer cells# 

7aticiete of Senaitlvity# 

Attempts to o&loolete the expected eeneltlvity of a 
•Imple phosphor-photovoltaic eell-ait’ioeter erranger^ent suf- 
fer froa the scarcity of data on the perfor^noe of photo- 
voltaic cells at the very low levels of illumination ex- 
pected frofli the phosphor under moderate ge^jna irradiatione 
The data in Figure 2 #2-2 are the best available on oomeer- 
oial cells at illumination levels below 1 foot-oaruila (1 
lumen/ft* )• However# the lowest portion of these curves# 
below about 0»2 foot-candles, is eu extrapolation (TCI)# COi 
the baeis of the brief dlsoussion of the theory of the photo- 
volteio cell given above# e linear reletionship between lllu- 
Blaation and current response# pnealng through the origin 
of coordinates# seems plausible# If the llluainatlon Is small# 
so that the field et the seloniun-lron interface Is not 
disturbed by a large current flow, then e fixed fraotiou 
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Hit ifflolonoy tith whloh tii* con7ert« this 

tOfroT iji^o li/iht, {prre»rJPaph 2o3), *.s Q«1‘. Tot Tlie 

frectien of lie.y^t reooMn# e »4«tiiitl¥6 coll surf&«« 

(yr-a «p:>r»eoh nnitf if •« u^e »• tRia dii»<s 

two o<&lio of ttio ^urffcoe tree aad. •hwpo «»a twe rfionpftop. 

lUMver for thlf «hu^1a shall ua« o sia le o«ll far wiiloh, 
with € tLln thosZ'j'GT, frt*otion sl^>t be a^cat 0«4« 

reletlve teiviliivitor o.? tbe photooelle for the iacld#:ft lir/it 
#p*ctr'i* wan o£:loUut<»<' ia pe.ptfpy»*p|i obovc •« ‘.-*95 f«»? 

fttutf f«r iiMiva tr-'cec: tue Matey to poluX efiisre 

It pAoauocB outMit o.iv ‘ttot fro* tao ^otocalia, whiob M 

Miy oo*.' write s&i 

i - 2 .J X io"5 (^juaJatocia^; x o.u > 

Tr/i»r)- 4jr»A PottK Ji.Efj5or«a 

X 0o4 X Oo>5 x Tjj « 1,6 X 10**^® 

otaterea/r/hr/^rca pi oa ^or, 

where i» the reapunse oi tim pK>otooe„ltt In miqy^Tem ^wr 
watt Incident 0 

.11 ftpproxlcj t® wveiuetloa of o«a be wed# by refer- 
•r .01 to '^l 4 wre 2, -2 ebere it le aeen i><«t tH« liriltliL* *Xo.ve 
at low iXluwliiwticai tba loreor rs.^4.iAtARcea (for 

wMcb powat CM«fnt la rrawteat) is efptosijHittly i,P nii^ro- 
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uapares/foot-candie. Th4 coll ropresentofi by the ouxv® 
lias an araa of {l*l/liv4) * O9OO76 ft#, ana 1 luiaca of tung' 
fiten il?ht at 2700° Kelvin ia ©julvalent to about 0,0039 
wAtto in the visible ran,-^©, hence beooisess 



I_ “ 3,2 X 10**^ - 0,11 pares/ imtt incident, 

° d,b 03 ^ k"U»(tb% 



TJiua we arrive at an astinatsd photocell current of 

i « lo6 X 10~^^ X Oall » loB X 10~^^ ampere s/r/hr/grais 



piiosphor for the conditions stated. In view of the several 
approrimtlojifl involved, this fie<;.re should be regarded only 
as an upper limit for tha current, ouch, wg uay cslcu- 
lata the riinirAim radio tion noM^urcbl® r-ltl th* i^hosphcr-cell- 
amoter circuit. If 0,1 aJ.cro«viEpere ia U»Js.«n the miaima 
current nevsurablo elth a reu' ily rortt>M* . ovinp-coil inotru- 
moiit, And asausilnr a phosphor of a».ss 10 grt-iis, wa could de- 
tect Approximately s 



1,8 X 10"^^ X 10 



« 550 roenttfvn -3 fwr hoar, 



an impraotically l»rg8 miriLium for o portable instrutaent 
to bo used for the monitoring of exponuro to radia- 
tion. 
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Zm5» Jx.’!«trXa/»ata *nd Gcx.cXaalo.\&# 

De^rpits these ^ieeoarAiSifv'lj lerc* *etiMkt4B sofsA 
93Q>lorAtory experlUAnts «er« rsA^As vlll he hriel’Xy 

desoribedt 

(a) * Ie?60 onthreoBAA cfytttJl or eaoellAiit quDlity, 

C&3S X75 pieced on ft C'etierel .i'^ctrlo 

rv-l photovoltaic cell* Carrent out*. Jt of the 

ooU umB read by & laecls ^ot. Kortlirup selvvno- 

aetcTo Tlie cry::tel *mm Irradiete^i ’•rith e 

soiurce (0«9S rJirs} or cA«3ra reys eeperated t^rot 

t^id oryct&l only by tiro thiokDeeeee of block 

olctti) each tlutt the ee tide ted geede rcdietlon 

Oh tne oryetHl eurfcce r&cini; the cell akc I 4 OO 

roentgen# per hour® a mjilaiiisi current of 9 x 
-10 

10 ftjaperee ifos freesured* result can- 

not be ooicpftred with the C9lo<uetioQ of the 
preceding seotiem bse-’use the oo^Mion spoe- 
trua of aiithreeeee ie Idaly different frea 
thet of the eulfide pl»o£»x-hore® ) 

(b) 1 pliokjhor coeielstin^. of 9®** gr»«o« of tOi-T€f 
(Ca) cUspereed in a polyctyren* binder 

into A disc 3 iieu ttiok io cia*4Ater 

\yaa pieced beteaea t»o OAnsrAl lectrio 



photovoltiilo cells (cee lest aecticia 



2,2) conn<ote'i In %lth output Tefl 

to a 3«ok:-san jaioro-uicroe:^'iet«r. The xiiioaphap 
wo« Irradiated by tiio saaa Gor'^ sourco u««d 
eboT«| auch that tb® urerae® radiation over 
the feoee or tli® pho»:;hor dieo mn greeter than 
500 roentgens per hour. Average ourrent read- 
ing wea 2 X 10*^® enperes, car 



2 S 
lOx 
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500 



4 2 10"^^ esperos/r/lir/grua 



phoephor* so that the of caoxicam cur- 

rent in f Motion 2,4 is too hiyh hj e factor ©f 
greater than 10 • 

*<« eonolude that the elicx>Xe phoephor-photovoltalc 
oell-ameter circuit eaimot at preMht form the bneie for a 
praoticol radietioa aeter requiring no source of energy other 
than the •nergy of the geaan rediet ion meaeured® Several 
soJieJsee have com# to find or ^Hive been auggestad by others 
for improving the sensitivity of the device. One eaeampl© 
is the n-l&yar sead^loh, each layer eoasistlfig of oell- 
phosphor-oello If these ware coimeoted in aeries, then la 
principle, at least, the open-circuit volte»i« under SfefXI 
irradietloa oou3d be jf»de es large as we plei&sed by 
a very large. Or consider two ooneer.tr ie sphere®, one tnicii 
larger than the other. The interior of t?..e larger «i*here 
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would oouted with a good phosphor, and ths sxtarior ot 
tha lunar sphora would ba dlridad Into i&anjr snail sagnants, 
aaeh forolng a sapareta photo*voltaio cell, again with ell 
segaants oonnactad in earlas* It thasa or other eliailar 
schaaas saaa attraotiva, they losa such of their proaisa 
i^an wa consider that e sensitivity inprovanant of at least 
10^ is required, and for this we probably would do better 
with one new high-sensitivity detector, than with a largo 
number of photo-voltaio cells* 

At this point in the work we shifted to tha huinian 
aye as tha detector, and no further axpariaenta with photo- 
voltaic calls were undartahan* 



lo «‘X04H«0iit g «jiv $0imB9 94 tlava 

XX4BA oink i>*<bXvXi« no m>Aa1 iuI^ 

£il«iii «XXm oXA#Xev»G^c4% B$0tx*tg/gg a iMiaftel dtrit 
SAXlAJfr la •ii«iU tl a 1 tfitf3<n 

MUiwq ruXtiU Ito M«x \«ii^ n*«9 

^••••X a xms^lgAoo am m4ig 

•iBtSad <*> ftXatar »w a»t ftu «W:£lJif>ti ai ^01 

•I-xmX s oMiif (XoiaaiTaa '^IWtXauaa^^iid «•« aaa Hitim 

ftSXXaft aJutfC XG>^*aaci]^ij[ ^c 

£iAv*iil arf^ w am M-aom Mil ni ^ato^ sJta^ 44 

-«ta4q a4maU>iaqx4 xptuhu/i an lo« Ml# »• a\a 

^smtL04%abam aagm milat «l»tX 0 T 
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l»la Cliaraotflritttloa of th% 

Tho nxtrsorcUMrj sensitivity of tlie hoMn ey« can 
5)0 6;'Pir«*ciatecl by conslderins the oaor;c^ riow in the fora 
or luolnoua ri\ix \ihioii con just b© parcel ved by a coc;plsto- 
ly dark*-adapt«d eyo« Varying ostlBateo iiove boon given of 
tM» quantity {JL), ft coasorvative etc to *000 bolng 
that it ie less than vuitte, or, OKproesed in phot one 

of lieht et the Twvelojisth of wcxIbuu'. senftltlvlty of the 
eye, lees tlmn 300 elenent&ry photon* per eecond* 

In order to t**ks advontago of this aensitivity for 
Tieuol detootlon and ^.oasurafaent of radietion, we must ex- 
eciina eons other cheroot eristics of the eye*« reeponse to 
light which will be discussed briefly as rollosst 

(a) Holctlvo visibility end Purklnjo effect. 

(b) Contrast sensitivity virKtiini. 

(c) Change In lieht threshold duriuf 'sd^ptetloiio 

(d) Light end color tiircsholdSo 

(e) The foailier relative vlaHiillty curve for tie 
lii'ht-adupted eye, in the fOi'Bi e^eraed upon by intern* tl on** 1 
oovivcntion ( 2), as curve (a) in rirura 3«1-'1« 

Sensitivity of the oye is relatively coaet* ut *vt ordinaiy 




IMtJM •• tttaiitf fiMilt at lii* M»U 

am^ tlMiV* if$UMtatw wrUatai la) 
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I m rnU m mt fU m iij S id iu 04 toUt«A»i4ii|| 

«M4 fMn Ai iai wruH m MUimiwi 
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AB/(B+Z\B) o Visibility 
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Figure 3.1-1 RELATIVE VISIBILITY CURVES (Walsh, W2) 




Figure 3.1-2 VARIATION OF PERCEPTIBLE CONTRAST 
WITH BRIGHTNESS (I.C.T., 1 1) 
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light Iftvelfl, but &a th« adaptation brightnass deorMa«s» 
th« vlalbillt/ ourva bagins* at atK>ut 10 root»l«cibarta« to 
shift to ahortar waTalangths. Thlo ph&tuxusnon, known as 
tha Purkinja affect* is acoocipanlad by a dacraasa in width 
of tha ouTTa* as indioatad by (b) in Figura 3*1*1* whiah 
raprasants tha Tiaibility frost bright neasaa of lass then 
about 10*^ feot-lambarta down to tha threshold of vision* 

(b) Tha fraetional brightness diffaranca* or contrast* 
AB/(B between two surfaooo* which can just be paroalwad* 

is shown in Figure 3* 1-2 as & function of field brlghtnaas nnd 
color It is noted that at the higher larels of illuni- 

netion* tho paroaptibla brlghtnaso dlfferanos is smll end 
nearly constant for all colors* but increasas es field bright- 
ness decreases* and that the Furkinje effect is csanifaetad In 
an aarliar widening of the paroaptibla brightness dlffaranoa 
for thi rad and of tha spaotrua than for the blue* Two fur- 
ther facts which are not indioatad in the figure ore that 

I tha ability to distinguish brightness difference* espaoiclly 

I at low light levels* is improved by « reduction in angular 

1 

! field of view (W2) and that the perceptible contrasts indl- 

j 

j cotad in Figure 3*I*2 can be reduced, at ony color or brlght- 

) 

ness* by a practiced observer judging tha mean of the points 
of first appecranoa of inequality in aeoh direction* ^alsh (W2) 
states that tha avarega of many readings taken in this way has 
bean found to improve contrast perception by a factor 



ceantf/tAiid aoltt^Sqmbm »s Sudi ,aX«T»X ^4^X 
•& CX duodm $» ,«al^a€ evruo \3lLldt%l\ mAi 

•B samaA ,gca»wiB»d<| tlxIT •axi^gceXa^ev aa^uotia SllAm 
Aibt^ al ••••aaai^ « Xd b^lamq^ucm aX ,^oatla atal3i‘Xir% ad^ 
daX(l<» tX<*X»C aTitfiit Jl (d) xd Aa^aoi&nl aa «avu*o add lo 
fiadd aaaX lo aeaaoxtdduZ^d x^^XldZalT add adnaaa’xqa'x 

•ooXaXT lo ftXoxfaaidd add od n»o& adaada«Xodool ^*01 dj^K^da 
«da«xdgQO *xo «ao«aialll5 um^uiA^lna Xaaoldoail adT (d) 
«£>aYX*«Taq ad daut fluao doXdw ,a»oal‘u*a ovd gaawdad fl)\SA 

toa iMarddslYd ftXalt lo eaXdcnul a as S**X«C •‘ziisiv al avorki al 
-lauiXXl Ito aXavaX xaduld add ^a dadd badoa al dl •(£•) <acXoo 
Itfia XXSM al aasa'calll!^ asand:ial^d aXdldq[ao?.»^ add ,coldaa 
-dd^l jtd liXall oa aaaaaYa^l dx/d tCYoXoc XXa lol dnsdenoo x-^'S^n 
al ladaallfiia al doalla otdldaxxl add dadd ba» ,aa«flaYoa6 aaaa 
aana-xatll.^ aoaadaBlid aXdldciaoxaq add lo A^laa&lw YalXaaa na 
>11x1 cwT •aixXd »<\S aot aaud auxidaaqa add lo £>»a &ai add lol 
dadd ars:# bzv^X add nl ftadaolltal doxt aia dolda adcal rxadd 
XXXaloa(;[aa «aca«'£a'ltl& aataddalYd dalu^ldali:> od xdlXXda add 
•soXuaita al noldoal^aa a xd baroti^l al calavaX dif^lX woX da 
*lfial adaartdaoo aXdldqatnaa add dadd baa (5^w) wolv lo tklall 
-ddalYd ^0 rxoXoo \a« do lOaoxi^tY od aao S>X«r aixiilt al badao 
adnloq add lo naa« add snlffiat tanrtoado aaoldos*xq a xd 
(fct) daXJ*^ •noldoailb deas al xdlXaxi| a«l lo aoo^aaaqqa daill lo 
aad aldl al oa^ad taalbasi XM> lo aqia^ava ads dadd aadada 
TOdoal a xd aoldqaoiaq daaxdBoo a^oi^al od bnxial aaad 
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of 8, tinder fatrorabi® conditions. 

(o) Tbe ci’adnal in^rovsrier.t in sensitivity of tl'o eye 
after iliuiaination Ima been greatly reduced is Illustrated 
by ‘^Igure 3.1-3» fi*on (3l). (Tito ordineto of tils curve is 
the lofarithn of tiio reciprocal of the threshold brightness 
4l the tine indicated.) It is intere*.tlnr to note ttet, al- 
thou •& dark adapt tlon is essentially eanplote i.fter 40 min- 
utes, M>;*e increase in seaslti/ity has boea reported after 
as long as 16 hours of ed*!ptettoa {51). 

(d) figure 3* 1-4 presents tae color end lij^l^t tires- 
h:*lds ( *2) plotted as functions of ewvelet^th. In the red, 
rscogjuitloa of color end ti»e perception of lifjst both voaish 
at very nearly the sa&o retinal illiraine tion, out e*s wave- 
length decreases, it is possible to pes’C'iive ii#»iit ct illu- 
mination lavele caich lower tis-wi tLooe rs;uired for color re- 
oocnitioa, in the rogion of the -o-cfllid twillg^it vielou. 
(Ihe unit of toightneoc used in this curve is the pi»oton8 
equal to the illuciinatlon of the reiiriU of the ^ye, ^r.cn the 
pupillary cipertui-e is one o.unrc nilliaet*!*, by am object 
having a brl'^htness of one condle per square a^ter, or 0*292 
foot-lembarto* ) 

3*2> T?xe Visual f^djetlon * gter* 

Principle of oporntion . 

In 1911, Lord .uthsrford (V5) u»'lliaed ti»s I'linl- 
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Time in min. after Illumination has Ceased 

Figure 3.1-3 RISE OF SENSITIVITY OF THE RETINA 
WITH CONTINUED DARK -ADAPTATION OF THE EYE. 
(Southall, SI) 




Figure 3.1-4 EXTINCTION OF LIGHT AND COLOR (Walsh, W2) 
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a®sCQr*oo or & zltiQ siilfid© screen for visual detection of 
nuclc&A* rediation in hi* cIscmIo experiments on al;4ia»ray 
aootterlne* 'Hie device proposed end. developed in tli* pra- 
»ent woi'k recta on the saaie principle need by utliorford, 
bat vte are priiaerily intex'ested in ti.o detection and 
tetivo aen8iu*e*ent of (jenan rodiatlcng r* tl er thon ooositlJsg 
irt«31vidual alpha particles. To occoiaplish this, we intro- 
d'loo a standard llp.h% aource of vsriftble hri€,htneaa, with 
wliioh ti.e zino sulfide {or other p^’.ocphorj screen, excited 
to luraineoooroe by the g&saai radio tion to be .ae^aurod, i* 
cooncro-o *he ct of adjuctinp the lr.ten.-iity of the stan- 
dard li."ht itouroe *o obtoin a hrlchtnasc v«*teh then serves 
to ce^aia'a the radl-tlon. Tlie lever, diel, or other 

neons by vhlch the stb,ndo.rd source is wdjuoted can be celi- 
brtited directly in roenti^iens per hour. It ie injortant to 
note tt«it we have here a doeope rate *4oter, not on Inte^ro- 
tirw: dosinetcr, and ti>it, if priCtier-1, it would certainly 
constitute one of the ■ip‘ul*»t rata r.etars for (!/*fr** radia- 
tion yet devised. c procood thercioro to examir^ the de- 
tirji critcrie and prac<.icj*»lity of such e device, to consider 
*orus of the possible v^rictions, «knd to demonstr.- tc th© chor- 
•-cteristlcs end rerroi<‘*.noe of on® fOi.» of th.o coaplet* in- 
struf-ent, 

{ b) Choice Df ho.i 



Tui’ulriG flrut to the Ittrilne scent acterial, or 
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phojphor, 5.t la ftppar«nt thet raximija csnaltirity will bo 
•ttaiaod it we chooee 0 pho»:'lior v.lth k hi^ii effiolenoy tor 
t;:< conreralon of gR-ufWi redletloa into >ith ss o,ich 

63 poasibla of t\e oRiStted foUi^r 5n the wav6ls;.jgtjhi 

bond ^'h«re the wy* bao Ri:jci0a&e seitiiitlvityB iSit for the 
t'orkinj® effect, choice of a phosphor for vieuol obserTO- 
tilon could be ooasidered aa a problem identical .;lth ehoosiias 
a pliotsphor to b« viewed by a photo- volt aio cell (Section tmj)» 
liovjcvar, we no«^ wieh to find an efficient ecercy converter 
whose speotr&l esiisaion cisxliJittia f»illa at tii« k.&h& *KAVolej^f,th 
es the peck eansltivity of the eye, at the bricntr&ees levels 
expected fro« the r»dietlons to be nsaoure^o 

J’e celcalete tri« order of of t .o wtir>seo 

brichtnese of a thin phosphor disc 1 1/2 fnehoa in diameter, 
containing 10 £;rs>a* of phosphor of efficiency 0<*2, excited 
by, say, 0,1 roenteena per hour# Uslr^, tJ»e oelculttlon of 
Section 2#4» that tn© pov/er ebsorced by 1 rr y** of pifoaphor 
froa 1 roan If cn per hour ia ©pproxirv t£.ly x 10*"^ wette, 
w* find this bri?'htnesc to bet 



2# 3 X 10*“^ X 10 s 0,1 r/hr x 0,2 

graa - ivar 
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or? 

0 « 1,2 X lafiens/rt^. 

Ill thin esloul tion we teve ncplcotod eniscion H'ori the edr,© 
of the disc, total internal reflection, um, absorption of 
the ealtted lirht hj interior phosphor oryfetaXs, e.nd hove 
assw*ed that ell the llf^nt ia enitted at the m-volenctb of 
otttxiftUCv aensitivity of the eye. If the eEltting surface ia 
perfectly diffaso, we laay express this brl^tfiesa as the 
a^.'ia nmibor of foot-loaberte® •« note froia curve {b) of '"Ig- 
ure 3c 1-1 tJiat at this bri/’htniss the aevelength of ruixi®un 
tenaitlvity of the eye is £bo<it 'ui4etron onita, mo that 

«e 8cej£ a plioephor idioso e^oission peeic is ot this sane imve- 
length. Furthcraore, for best r»t suits, txe e«iiitted lieht 
should have a spectral distribution no broader than the visi- 
bility curve at this briglitness* 

Salootion of a coiaoeroielly aviil-sbla phosphor on the 
basis of a specified shai'6 ar.e plsocoient of Its eaission curve 
ia not readily aocociplislied pfirticularly when o»ily e saell 
acount is (^eoired® The chare ot eristics of a partieuiar sliip- 
taant of luxaiaesoent *.eteri*l sre not necessarily identical 
to those of the precedinr thlpuent, and the manufacturers 
ere not ordlnerily wllllncj to euarantee their xjroduct In this 
resp-ot. /.fter insp otion of sever':! oonx^iletions of phosphor 
cliaracterlstioa, those published by Leverenz being 
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ao«t two ph.o4phor« were ootAin^d tmoio 

mlJn-%lon vmre l4 th« aeslrsd r«/*icQj 2n«-C5ds^(Cu)^, 

2 

oal forcer bei« 4 », according t9 iallMBr. 

(Tilt, ’loara th'-’.r* t>io« as nffUciant §♦'.© nsu tlii» 

■i»a out uy tii<i resilta hr?rt« Tog? u,*^ in th% 

vlsiuil Toaiatlo’i 2ujt*r tiis-c obtJLu^^d 1ft tks Tora 

cf ?®w<5or, w^rc ;lxed with s plastic into 

disoj of oo;'VSwi<Bt i^nd tosswd :'or tm uws* 

criDC'i in dotuil in CJijiptsr 4« andt^r cxoi- 

tstioa» desoribad in :“aotion ‘^•3, akcr^ tuwt for la«*Ccl^{ru) , 
tiio bri(iiitnaii« ©ulcvilition ebovs is of oorroct ordsr 
of CMi&itada# 

^ 9 <ctrHl distriCntion outtm for « cU oC t/^asa phoa- 
phor c-tsrlt.ls, forstod into discs with luoitSj w«rw obtolnnd 
frca on wut«wtlc-r« cording, gr«ticv5 sp- o*«rc\/x*T4i inidor ua- 
filtcroi' ultiw-viol<t sioitetiono Tb6<i» sra aiitjwii 

in ^ifuroa 3of-i *inJ 3«2-2« <wds*3icr>» cviTfs fcr 

(Cu) jCo1Io*»o v->ry cloosly tiw» ctup-i oc th#; ti,r^3hold viiii- 
hilit/ c-ATve, but s'acfcs at a m^vals^th of 5'“75 oi» 

OoitA,, sa4*w(.wt t;;4n mm djisifoda ^ctrtj'Viicle^^St tlis 

batrsan t«a -ih-CUS ccxva tjid tu« tucaucla c?irra in- 



io iypo 3 phosphor, r^ttwoaia ct?can i'*lTl5ior*» u'^oht 

a# T.«aours 0o« ?owaad<&, 

i'ype 33- -2" |ifu>w|ih€r, TuIm :«rts taj ?Ttawit, aiv^io 
Corx'oration of ^jiRrlo- , Dat^rAScm., 
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FROM Zn-CdS (Cu) IN LUCITE COMPARED WITH NOR- 
MAL AND THRESHOLD VISIBILITY CURVES. 




Figure 3 . 2-2 SPECTRAL DISTRIBUTION OF EMISSION 
FROM Zn2Si04(Mn) IN LUCITE 
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dicates tiiat this v/ouXd talrl'j tcss- 

our pur .' 088 * 

*Xii« ««aissl©P4 spactrm kt & sll^ktly 

suortor warclca^th (5210 A®), and 2*8 8 ttR»«i-ti«lly tL© 4«8lr«d 
fits' pa* but, ao will b« asan, it8 ccilaslori la mol 

inferior* 

(c) 'Standard I-lFht ^ouroe* 

In order to avoid urioertointifis introduced fey 
tu® ’'urkirijo effect into the task of aatchiaa the brif^htnsae 
of t*'o aurf'-Ofis of different color, vcq re'v-^^^i 3tr»n- 

dvrd l.l;»Jit be identl0'*.l In ap?etrel fliitritutj.oa ..ith tlw.t 
of ti « detector pho«ibi«r. Tta at**;iiSi»i4r4 source, of oojraa, 
could consist of a battery-povfereU lirht bt.Ib, ^/alt-bly fil~ 
tsrac., out this arran^ai-jaat ia objtotlonA bia in tie j^reaelit 
appliaution beocuse of battery ai^eli-llfe (jjr.d :vctivo life), 
and b«c« u»s color tenver»turc cce^iio'^ tion» .r.lss ii tbe in- 
ten-^ity of the scitted light is verlec bj a-...Jawtijn filea^nt 
current, TI.« l*tter o- a be rtvMde*^ by i-'the’* a t lux s of vary- 
ing intensity but the feitt-'nle? u tterefc»r« ocn»*ldar 

t-o possibility of ual5\^ a phosphor e?:;cit©d cy e source of 
rcdioectivlty, built into the inotr-i?;3v’A, 84 tJje cy-‘ »-*ri«oa 
li'-ht soiiroe. 

R© so-iroe of excitation eneroy I’or utich alioe;4ior 
should have a helf-ralue period e<?er<«l ywi*r», -ft* If, lor 
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coopcirison purposes, the stenderd li^ht souroe Is to bo 
i&ountsd close to the detector phosphor, the former should 
not sEiit penetrating refiiation which would oeuee lumln- 
esccHOe of the letter* Thus we elialnate from Gonsiderstioa 
the radium end thorium eeriee, beeaueo of tholr gemma oom* 
ponents, and polonium (low (^&mm emleiion) heoauee of ite 
short life (139 dcy&}» In foot, the standard tehulationa 
of tho radio->aotiTs nuolidss (S3), and (04), reveal no 
alpha emitters which most our spsoifi oat ions* Several beta- 
ray souroos eaittiisg no gsj^sa reys are available in quanti- 
ty ttm. tho Isotopes Division of the AtCKrJLe Comlaslon 

(Al) or from distributors* Of these, strontiuio-90 Is anosg 
the least expensive end tho aveilable energy per dleinte- 
gratioa from this nuolide is ocBzgparativsly large* nr^ , a 
flssion-produet daughter of two very short-lived beta-ray 
emitters, decays (PI) cooording to the soheme: 



ar 



90 



19»9 years 



90 



if»v (stable), 

bours 



Hence, when seoulsr squilibriua lias been attained, eaoh 
90 

decay of a Er nucleus yields two beta i^tlclea, with an 
average energy release of about 0,9 Hav per di slat egret ion. 
The extensive literature on plioephors includes very 



few preolee tota on the brightness obtainable from se3Lf- 
oxoited phosx^ors, end none at all has been located on tho 
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poadibl* dfttftrioxfttlon of Xumloooooaoo in suoli a phoepiior 
ma a raault of cotiotant bosibardmant of tax« p^iospbor oryctiaX 
•trootur* by b«ta-r«3P0« this last point nay bo of 

portanoo in th« i»ros«at problom it iIXu3trot«4 by tho <lo«ny 
with ticbo of tho Xuttinosoonee fron tho •olf«>Xusiinous |«iinta 
on watoh and in«trun«nt dials » Siena » sto*, i&oat of nduloh 
ars sxoltsd by radiation frcw radlua or nasothoriuo* tThs 
dastruotlva offset of the radloaotivlty on the phosphor oan» 
at least f bo llfftod as a TorlabXo iafXuonoine the Xl£;ht out- 
put tvoa 0 radio-notiTO Xight souroo» tho of foot of whioh 
fsay bo eoRiparebXo with tho offset of tho hoXf-llfo of %lvt 
rodio-ftotiwe oxoitor* 

The briehtnoos of o eoppor-aetiTated, groon-oiiitting 
zLno sulfide oereon (of unopooifiod thioknesa but prosuMably 
ooaparablo to tho ranee of radiuu alpha portlolos in 
about 5 nie/os ) under alplia-ray exoitatlon has boon noosurod 
by Bleu and feuor (B2)« ^oy coated a plots with X tuiero- 
cram of radium per o^uaro oontimtor and pXaood it 4 miXXi- 
aotora from a phosphor soroan in an cvacu!P>ted clmabor, ob- 
taining o soreon brichtnoss of X to 2 mloro-Xambarts (0«00X 
to 0*002 foot-Xamborto approxlmotoly) for use as a standard 
liclit souros* Boardsian and Xtowsmu {MU) report br iglit nesses 
of up to 22*5 aiero-lamberta from on intlzaate mixture of 
aino sulfide with an alpha-eoittinis; radlo-actiye salt (other- 
wise unldantified}* 
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Olno# J»th of th€s© wire based o« alpiia ex- 

olteticm of the phosphor# wiierses the present eppHeetlon 
requires gaaosB-free beta ray exeltation* it becoae neoessery 
to dsfiioastrate thet a ueeble brightness oould be ettsiined 
with & beta sourooa 

£5?^ la oiilorlde solution# as obtained frosi the i.to»lo 
3 

>"ji(itrf.y Ccasaissloa# wa<s preolpltated as e eorbonate the 
addition of sxoess e»s«onlt£tt earbonatso The precipitate ms 
jpemltted to stand for 24 hours, then filtered* The filter 
poper, oerrylng the t^^GOy preeipltato wes oonanted onto 
an aluKilRua disc 1 Inoh in diameter* end the active deposit, 
well distributed or®* an area 3/4 inches in dleaeter, was 
protected by o thin {1*5 lag/on^) aliiainum foil* Thin diso 
wes then nounted on a rod screwed into the back face of the 
diso tor oonvenienoe in handling* The source so obtained 
had cm activity, as rseaaisrod by an ionisation ohember eo®- 
parison against a souree of known activity, of 0«5 (^0*1) 
fdlllcuries* 

A phosphor mdo of 1*00 grem of Betters an Type B elno- 
eadfoium sulfide (copper sotivated} end molded by means of 
0o50 erasas of a luolte binder into « diso 1 T/16 inches in 
diameter end 0*03 Inohes thiok, was placed an tbe source 

90 

3o Unusual core must be taken In work with Or , for its long 
half •life, the energetic beta-ray from its daughter yttrium, 
end the fact that it appears to be a bone-seeker mke it 
unusually toxic among beta emitters* l^e latest (January 1, 
1951) reooiamendQtion of the International Commission on 
Hadlelogioal Protection (12) is that the mexlmum permissible 
amount of strontiuar*90 in the body Is 1*0 nicroouriee 
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Ui* of tli« pliosplior ©««i»*aap*A witii tfe« 

Teylcr Low-Bolglitaess Metti** with the remat, fro« a serlea 
of 7 ^reeeurenentfi, of X*74 (ji 0«05) * 10*^ foot-lamhorta* 

7o reiuce tbia hrl^tnees to fe&lller teraa. It was ]aot«& 
that the phoephor** glow was detectable Im&edXeteljr when 
pleoed is the shcCow oader e desk or eh»ir is e hrlehtXy 
ii£hted roott* 

fro& the hrlghtnaee oelouletlos ekcTe, for the gfuacft* 
Irradiated detect cr phosphor, this trlghtneee wotiXd ts equl- 
volfBt to geas&ii radiation prodaclne opproxlae teljrf 

X 0#I «■ 14 roentgenji per hour 

i^ieh would thus he the upper detection licilt for o £%et«r 
using thii partioular beta source and ootEpcrisoa pho«phor« 

To inoreese the hrightnoss of the standard or eoeperl* 
ioa phosphor, we a&y increase the souree strength or oake 
laore efficient use of e glren source oetivlt/o There eppesrs 
to he no reason the hetu-souroe ceuld net be oixed direct- 
ly with the phosphor isatcrial and aoldtd into a thin diso 
with plaetic* Alteriiatlrely, aotivatloa of the oaapie' od 
phosphor-plastic diso by asutron bombardiient in a reactor 
aight be feasible, provided u suitable nucleus (such os 
berylliu®) were included in the pie otic or phosphor. If 
the aetlTe aaterlal wore obtained with high specific activity. 
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Ita pr«tt«nc« 1 b th« ph 08 phor«pletirtle elxtara should not lai» 
ttrfara alrnlfl««ntly with th« surfooa hrlGhti*«*9 of « thin 
phosphor# Of emirae such a prooaduro hes th« dlsaflvimtag# 
t!:sat phosphor bo®hardn«nt by th« nuelaer csidLssicn portieles# 
vflth coc»«qtt«nt pestlbla dsstruetiTa effect, 1« oontinuoue# 
whereas with the source end phosphor sepereted, an libscrber 
could readily be Inserted when the »eter le not la use# The 
oanufacture of aelf-erclted phosphois wes not uadertaJeea dur- 
ing this work beoGLuee of the ande sire bill ty of oontuailnatlnft 
the only avallnble htch-preesure luolte aold# 

X^ssoyiPtlon of the Coftplett ?feter# 

^Iguree 1#2«3 end 4 are ekctchoi of t»*© of the 
niemy possible forae of the Tieual radiation meter# The 
sketches are self-explanatory, end a few ooments on eoa» 
ponents not elsewhere smatloned will sufflee# 

The sdjustneat for a brightness laatch between s de- 
tector phosphor and the standard light source esn readily 
be nede with crossed polerlxera (Figure 3*2-3)# One type 
that appears to be eatisfaetory^ is obtainable in the forai 
of thin sheets whleh are aasily counted« Two such sheets 
hare a tranesdseicn with optical axes parallel of 21^, and 
effect a reduotlon by a factor of 200 when the axes era 
crossed# If three auoh sheets are used, the oenter one 



4# Type Polaroid Corporation, Oaabridgo, jllaos# Tho 

tranaaisslon data heroin were furnished by tho taanufae- 
turer# 
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Figure 3.2-3 SELF-EXCITED PHOSPHOR MODEL OF THE VISUAL RADIATION METER 
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Figure 3.2-4 BATTERY-POWERED MODEL OF THE VISUAL RADIATION METER 
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rotated while the other two ere fixed, ee ehown in 
the fietirOf the open trenaolesion is 13^, the imximm at-* 
tenuetion helt^ a factor of 40,000* The transiaiaeloii of 
tills saetorial is reduoed, es the axes are rotated, Q.uite 
unlforaljr in the reg;ion of the amission of slne«oadoinsL 
Siilfide (Hgure 3*2-l), though thers is a aon»uaifor*lty 
in the high snd low wavelength regions of the visible spec- 
trua* 

The design of Figure 3* 2-4 eaployi for siiapllolty a 
rheoatat for adjusting tha Intansity of the standard laap* 

AS a rasult, the filter can correct the light to the spec- 
tral diatribution of the phoaphor emission over a narrow 
range of Intensities, only* At very low brightneae, in the 
domiia of twlllglit (colorleaa) viaion, this effect emild be 
compensated hy edjustnent of the eoalo calibration, but at 
high intensities it would bring in tiie uncertainty of match- 
ing two surfaces of different colors* If ttiis should bo 
found to increase the overall error signifieently, the In- 
tensity of tlikC standard light should be adjusted by pola- 
roids or an optical wedge, end an ometcr should be included 
ia tha circuit so thet a fixed current could be maintained 
through the filament* 

Tlio opt leal eysteai for viewing the t%w> surfcaaa need 
ba no ruora elaborate than a glass or plastic plate to exclude 
dust* m the case of the model using a bete-soureo to pro- 
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duoe the standard Xlglit^ the lent should be thick enough to 
shield the eye froa the radiation* A shatter of so:ae kind 
is neeessary at the eyepiece because of the long phosphor* 
esoent decay of the sulfide phosphors after exposure to sun* 
light* a siaple cap fitting over the eyepiece aight be suffi* 
dent* 

A nuaber of variations on the general principle of 
visual obaervation of a phosphor for radiation oeaeurament 
era poasible* One of the sise.plest consist e of a phosphor 
viswsd through a ssries of openings of varying opacity in 
an opaqua disc or atrip* The openings oould be in the fora 
of nuaeralif a number oode giving the approximate radiation 
dosage rate oorrasponding to the lowest nuaber which oould 
Just be perceived* Sueh a device, with no standard for coia^ 
par Ison, would, however, yield varying resulta depending on 
the degree of dark adaptation of the observer* 

3*3* Tests of the Visual Radiation Meter* 

(a) SriRhtneas ntendard * 

Tlie Taylor Low* Brightness meter {LISI} oonslsta 
of a long (60 om) open cylinder througli which en observer 
viewe an llluainatad clroular area silhouetted against a 
oirculer field of the surface toward which the inatrtnaent 
le aimed, whose brlghtnees le to be owmsurod* The illuxain* 
ated area, actually elliptical in shape, is a oagneslua 
oarbonats surface which reflects into the observer *s eye 
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lljvht emitted by at standard lamp through an aperture In the 
side of the mala cylinder* The intensity of the standard 
light source is adjuetable by filters end an optical wedge* 
so that by comparison of the circle* illuialneted by the 

standard, with the ext erne! field ef view* brightnees can 

-1 

be neeeured oyer the range from 10 to 10 ^ foot-lamberte* 
The standerd lamp bulb operates at constant current, so that 
color chaugee do not accompany intensity, or brightness, 
changes of the reflecting surface* Tiie instrument was oali* 
breted by the sanufaoturer (General Sleotrio Co*) just prior 
to its use in the ^n^esent experiments, but no low-brightness 
standards were available for re-oheoklng during the course 
of the woxkm 

It is apparent, froa this description of the LBU, that 
when it ie used to measure the brightness of e phosphor lumi- 
neseing under the excitation of gamna radiation. It becomes 
essentially a visuel radiation iseter similar to the form 
sketched in Figure 3*2-4* Use of the LBI in this way is 
subject to several llaitations* The standard light source, 
a tungsten filament, has e color distribution far different 
from the essentially blue-green of the phosphor, so that at 
the higher radiation levels it is nooassary to match green 
and pale yellow brlghtneases* The moat serious fault of 
this arrenger.ent arises from the 60 centimeter length of the 
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JjM w&ioh :fc3'0«8 plBO%mnt of th« pnosphor so far froa tha 
«y« that the field of Tiew of the obeerver ie not filied by 
the phoephor lamge, whloh subtends a cone of half •> 011^0 only 
2®-24* when e 2-inch phoephor ie used* end of l°-49* with a 
1 1/2-iriQh phoephor* Thus the threehold for detection of 
radiation with a siren phoephor at the end of the I.H4 I 0 much 
less than it would be for a sisaller phoephor-to-eye diatanoe* 
(b) Detection Threshold, and Reproduolbility of Meeaure- 

aente* 

The minltcua radiction which can be detected vis- 
ually with the phoephare available, and the effect of dia- 
tanoe between eye and x>hosphor were establiehed by the fol- 
lowitts experiment* A phosphor dieo 5 <hn« ih dieaeter wee 
mounted at the end of a tube of the same inside diameter, 

66 (Ml* long* with a black errow-ehaped figure 2 oca* long 
affixed to the face of the phosphor* Measurements were mode 
of the ftaxlmua dietenoe of a radiun gama souroe from the 
phoephor at which a dark-adapted observer could (a) deter- 
mine without question the presence or absence of visible 
light from the phosphor, and (b) determine within 30 the 
j angular orientation of the arrow* This procedure was then 

repeated with a tube 22 cm* long* The results. In terms of 

i 

distance end roentgens per hour from the souroe (46*8 mgm* 
radium acKiroe, calibrated by the iiireau of ntendarde), cal- 
culated by the inverse square law, are e,ivm in Table 3.3-1* 
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D#f otioa Thrcahold. and gffaet of Phoa^aor-to^-Sy Dlatanoo, 
(46*8 agn radium souroa « 45*4 arhm*} 



maximum souroa-to* 
pliosj^ior &l3tanoa (on), 

Pbosphor •todays and minlaua roentgana 

dlatanoa (on)* Obsarvatlon par hour* 



ObaarTsr F ObaarTar K 

Cm r/hr Co r/hr 



66 


Dataetion 

Threshold 


70 


0.093 


70 


0.093 


66 


Arrow Orien- 
tation 


25 


0*727 


20 


1.13 


22 


Dataotion 

threshold 


160 


0*014 


165 


0.017 


22 


Arrow Orien- 
tation 


70 


0.093 


60 


0*126 



Tbia axparlnant danonatratoa that tha olnioua dataot- 
abla gaana radiation with this phosphor material is Xaaa 
than 20 cr/hr under favors bXa conditions* Some rough expari- 
oants with phoaphor-to-a/a diatenoaa Indioato that tha op- 
tieunn jRsy bo leas than 22 oa* for a 5 oa diamatar phosphor* 
Further investigation of thl» point olght produce avldanoa 
for an even lower dot action threshold than shown above* 







, L^} t » i ny< C 

BlMditlJI to* 

»tru «H .Uiftl 



Jl tirrMirfO t 
iM\t 10 «i\« jC 



c?<>.« 


or 


Cf0.O 


0? 


ua 


ai 


m.o 




Tiu.a 


lii 


M0*C 


HI 


4U.*: 


00 









H 


~ABi0 «BCU 


00 


tSotiaf 




0£a(U#id4 


U 


•««^ad «n«A 


U 


mtip9 





(IwLltii t-lJ- $*A9 fMB^tlVKP* iilA 

MX At i* wfvu %«d^<l4c Alii* 

MC .etioStlM* wftuo taX^xB &S; aM 

«d? xBi/ av4»iBAl Miaaaaftift aSi^ iteM 

t4#MMt:i M I • SQl ti0 n AM WBX #0 XBB Bial# 

mmoM *au»««t B-ii# m tM01i»t 

^»v*da iiBia ISB04 AlBAa»«ii/ mb* a* M 



49 



It l» eYldent froE Tublc 3*‘3-X thet tha three- fold 
reduotloo of the dletenee froa whloh the phoaphor wea rlewed 
brought about a six- fold iaprovoiseat In threshold acnsitirlty, 
and an ai&ht-fold dacreose In the ed.nis.UE redlotion required 
for arrow orlentatien* In view of this result, ceasurefisents 
nade with the Low- Brightness Metsr used as a riaual radiation 
netar oan be regarded only as e gouge of the reproduoibility 
of brightnaas roadlnge at vary low light levole. Slnoe the 
LBtl was the only available oociparison device for the low 
light levela, and sinoe no way could be found to use a short- 
er eye to phosphor distance without major alteration of the 
Inetrunent, it was ussd for this purpose in the next experi- 
ment to be desorlbedo 

Two observers with no prior knowledge of tho Low- 
Brightness Meter and nc significant experience in photoaetry 
were used in this experiment* Both hod unoorrected visual 
aoalty in both ayes of 20/20, or better, with norsjtl color 
perception, end hed sufficient knowledge of the use and 
effects of gama radiation so tiiat it can be assumed that 
no psyohologioal effects on this account perturbed the leeas- 
urements* The observers wore dark-adapted for at least 
fifteen ainutes in a red adaption brightness of lesa than 
10 foot-lamberts. The dotootor phosphor (?n-CdS(Cu) in 
luoite) wee 11/2 inches in diameter, viewed through the LM 
so that it was 60 oa from the observer *s eye* The phosphor 
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nfta irr&dii^ted by tt XO zi&a (6*1 r&dlua aoura«» rro« 

the diftteno«s (phosphor to soux'oe} shown lu Teblo 3«3*2« 
Eech observer wee pernitted ebout XO sdnutes ra&iXX&ri£fi*> 
tion with the errtinjgenent before the readings shown in the 
tsbXe were taken* 



TABLE 3.V2 

Srlfthtneee ycesureraente by Xnexperlonoed Observers 
(XO BT^ia redlua source, 6oX lorhiu Brightness in XO*^ f oot-Xemberts } 
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Observer D 


35 


X2.6 




3X 


X9.6 




X6 


26.5 
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Foi* ooap&rl«oa, Tablo 3*3-3 shows reading taken by 
two ralativaly axperlanoad obssrvera* both of vdioa had handXad 
and used tha Instruoont on two prsTious oocaslona, Expari- 
nental oonditlona wara tha sasie as da&oribad abova except that 
tha phospltor was excited by ultra-vlolat light and a larger 
range of Iftrightnaaa was ooTerad* These obsarrers likawisa 
had unoorreotad 20/Z0 or batter Tision and norMal color 
paroaption. 

As axpaetad the roprodueibility of brightness oosaparl- 
son readings by a singls obsarvsr is far better tlian the 
perceptible brightness differsneo data of Flg<ir# 3* 1-2, since 
we ere ueing the halving nethod nantioned in Ceotion 3*l{b}« 
However the reproduction of the readings of one obsarvor by 
another is less satiafaotory* In Table 3*3-3 it is seen that 
observer B reads consistently higher than observer K by a 
fraction which increases aa brightness decreases* Other ex«> 
periiaents have shown the disagreenent between these two ob- 
servers is always in the sane direction, end that the thres- 
hold of 3 is at a higher brightness, and radiation, then 
that of K* Similar reletionshipo exist between the readings 
end thresholds of observers L end D (Table 3*3-2}, ths latter 
having the lower tlireshold* A naaa of edditionel data would 
be required before generall7.8tiono along this line could be 
stated* 
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15*5x10“5 15Z10* 

14.2 19.5 

15.3 17.2 
17.7 

U.0 



29.0 13.1 

18.7 

Mean 29.4x10“^ 19.0x10*^ 11.5x10*^ 14.9x10*^ 14.9x10*^ 17.2x10 
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DtTiation 14^ 5^1 12^ 5^ 9^ 
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The limitations of the only sTallable low->brigiitn«ss 
standard have thus for thwarted a deoleive demonstration of 
the lower limit of radiation at which reliable brishtnesa 
readings ean be obtained* However* the evidence at hand in- 
dicates that such a lower Halt for a dark-adapted observer 
ia well below 400 ailllroentgena per hour* This estiaats is 
based on the following oonaiderations* The beat phosphor disc 
produced to date in the work described in Chapter 4 ia a 2- 
inch diao oonaiatine of 9*7 grama of phosphor in a polyatyrana 

bindar* Its brightness undar 40 mr/hr of radium gamna excl- 

5 

tation* aa measured by a type 5019 photo-multiplier was 1*2 
X 10*^ foot-lamberto* or one-tenth of the brightness readings 
shown in Column F of Table 3«3*3« Hence a radiation of 400 
snr/hr is certainly measurable by brightneae oecparlaon* How- 
ever the improvement in detection threshold and arrow orien- 
tation brought about by a daeraaaa in the phoephor-to-eye 
distance ae shown in Table 3*3-1 is so spectacular as to par- 
mit a confident statement that tome degree of Inprovement 
can also be made in brightness comparison by the same means* 
Another area ia which improvement is to be expected is the 
manufacture of larger and more efficient phosphor dieos than 



5» The photocmltiplier calibration against the low-brlght- 
nesa meter is described in Appendix A*i. 

6* The linearity of brightness response of ZnCdS(Cu) with 
exciting Intensity at room temperature over an intensity 
range of 10^ has been demonstrated by i:ail et al (lil)* 
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ara ncm nvall&blao tha poasibXa lower liciit as well 

bolc«ir 400 ssr/hr tharcfora aeaiiui quite ooaeervatlve* The 
upper lirJLt of the risual radiation aeter, oet by the eature- 
tion brigiitnese of the phosphor, has not been orplorad, but 
tho date of Table 3*3-2 and of the figure in Appendix A.l shov; 
thet it is greeter than 100 rccntgena per hour* An eetinate 
of 1000 r/iir for this figure would be ooneervetivo. 

Concerning the llAitatlons on the use of a viaual rcdla- 
tion neter In view of the thresholds for detoetion and sucooaa- 
ful brightness oonparlsons shown above* it is evident that dark 
adaptation of the observer will be a pre-requialte to radiation 
sieaaur assent e near the neesurenent threshold, with the required 
dogree of dark adaptation inoreaslng as the mininuia rodicttlon 
to ba measured decreases. As a result, an observer originally 
Qdaptad to daylight, observing continuously as his dark- 
adaptation progresses, will be able to see levels of radia- 
tion in tho vicinity of 10 roentgens per hour within a few 
seconds, but will require 15 to 20 ninutes of dark adaptation 
before he will bo able to detect 20 ssr/hr, or to sieasure the 
order of 100 er/hr. Derk adaptation tine can of course be 
greatly decreased by pre-sdaptation in rod light through the 
use of red goggles, as now extensively used by those engaged 
in night navigation and gunnery in the arified aervloes. ihil- 
bert (HI) has shown that, while essentially ooaplete dark 
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adaptation raqulraa 21 minutao aftar axposure to 120 foot- 
ecfidlM ot tungatan light, tho raquired tine is raducad to 
7 alQutas after axpoauro to the acme intenalty of rad light 
{6500 A°). 
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QlUFSm k 

LTJtfllJSSCE^ li/iTEHIAI, IN PUS^IC BINOT 

Ftioaphor-PIastlo «lxtur»a» 

Th« sQlootlon of « sulfid« phosphor for us« in th« 
visual radiation laatar was followsd by a saaroh for aaans 
to obtain tho naxinua brightrmss at ths aurfaoa of a layar 
of phosphor* A roview of tha literatura and inquiry anong 
parsons and ooapanlas intarastad In orystal growing ravaalad 
no souraa of slno eulfida crystals of reasons bla sisa, so 
attention vma turned to improving the lumineaeant yield of 
the fine->grained zinc-oadoluA sulfide which appeared to ba 
the best readily obtainable phosphor for our purpose (Sec- 
tion 3*2)* 

The chief limitations on the light output from the 
surfaoe of a given mass of this rjit axial and of the zinc 
sulfide phosphor family in general, exlsa from their small 
I crystal size (1*50 sLlorons}| strong absorption of their own 
I emitted light, end high index of refraction (for Zn3. n ■ 

I 

2*356, and for CdS, n « 2*506. both at 5893 A®, (IT2) )• 

( 

Thus in thick layers of these smll crystals, scattering of 
I the light emitted from an interior oryotel increases the pro- 
i bability of absorption before it reaches the surfaoe where 
it can be seen* furthermore, the high index of refraction 
end oonaequent small oritloal angle oin*^ ^ for total Internal 
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reflection at a orystal-alr surface, aean that a large frac- 
tion of the light oust make one or more reflections from a 
crystal-oir surfooe before escaping from the crystal, hence 
absorption in this manner may also seriously reduce the po- 
tentially araileble light, (The crystals of scTaral sulfide 
phosphors exaodned do not have perfectly regular shape, but 
have snail striations on the crystal faces, so it is unlikely 
that a significant portion of the light would be permanently 
entrapped in the crystals due to internal reflection, } Thus 
it seened reasonable that we might improve the total light 
output at the surface of a given mass of phosphor by simply 
filling the Interstices between crystals with a material 
of refractive index matching or approaching that of the phos- 
phor, provided suoh material is trenspersnt to the emitted 
light. Thus wc would at once increase the orltioal angle 
at the crystal surfaces, since it is given by sin*^ (n*/n) 
(where n* is the refractive index of the less dense and n 
of the more dense medium) , allowing a larger fraction of the 
generated light to escape from a crystal without total in- 
ternal reflection, and decrease the reflection coefficient 
at each crystal boundary, since this coefficient depends, 
at normal incidence, on (n»-n) /(n*+n) • 

A transparent plastic Immediately suggests itself as 
a possible binder for the phosphor crystal powder. The use 
for other purposes of a transparent plastio binder for pow- 
dered crystalline sulfide phosphors has been reported pre- 
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Tioufljr* (PI) used e thin paste or ^ino suiride end 

polfstjrrene spread directly on the enrelops of an end-window 
photo-aoltiplier to count neutrons by Xuainesoenoe of the 
i 2 ln 8 sulfide excited by recoil protons froci the plaatlo* 
Robinson end co-workers (Hit H2) hsTe used similar thin mix- 
tures of several Inorgsiiio phosphors and polystyrene to count 
alpha perticlss* Oonslderable attention has been given late- 
ly (S 2 t K 3 ) to the use of organic phosphor materials dissolved 
in plastioo of various kinds, obtaining large, clear, smor- 
phoun mnsses for counting neutrons and gaome-rays with high 
efficiencies «t high counting ratea* 

^9 are here interested, however, in fimUng the opti- 
mum thiokncss, in graces par square oentimoter, and the opti- 
mum proportion of plastic and phosphor, which will yield the 
brightest surface luminesoenoe under ga:.ma excitation, points 
on which little informt.tlon has been available* Hallman (&2) 
has published curves shov.’lng total light output from phosphor 
screens as a function of thickness, under alpha and gataas ex- 
citation* His curve for a-exoitation is reproduced os Figure 
4«1-1, where it Is seen that the maximm light intensity from 
ZnS, Zn SlO, , and OaWO. occurs at 5 mgso/oa^, which according 
to Salloan is just the range of the alpha-particles used* Un- 
der gaaraa excitation. Figure 4*1*2, the light intensity does 

not appear to reach a maximum for any of thesa phosphors, but 

. 2 

flattens out above 50 mg/cm , increasing only slightly for 
greater thioknsssas* Kcllman notes that this effect demon- 
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Figure 4.1-1 LUMINESCENT LIGHT INTENSITY AS A 
FUNCTION OF PHOSPHOR THICKNESS. 
ALPHA EXCITATION. (Kollman ,Ref. K2) 




Figure 4.1-2 LUMINESCENT LIGHT INTENSITY AS A 
FUNCTION OF PHOSPHOR THICKNESS 
GAMMA EXCITATION, (kollmon, Ref. K2) 
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stratfta thet thee* mteriels fio absorb the acjltbcd light p 
•Inca tha game radiation u»ad ws« sufficiently herd thet 
CO appreciebls absorption of the ganmas took place in th« 
phosphors 

(The rolatlTs light outputs of za^SiO^ and ZaS und«r 
elpha end game excitation as shown appear to b« inconpatibloo 
Crcnerallyp it v/ould be expected that relative effioienoies 
of two phoaphors would net change greatly under different ex- 
oitcition# Such a view Is supported by efficiency date on 
thes*^ two phosphors published by Kallnoc in two different 
reports (Bl, E2), showing that the sulfide is taore efficient 
then the silicate under a>y» and x-ray excitation, and by the 
experimental results reported in Ceotlon 3 of this chapter. 

Hence it is reasonable to suspect that the labels of the «ur- 
yea for zn.SiO, and ZnJ5 in Figure 4«l-2 have been interchanged 
by error.) 

These curves by Fellaan furnish an additional reason for 
using ft plastic binder for the powdered phosphor. Since we 
ere interested in eaximua brightness of the phosphor surface, 
under gacma-ray excitation, wo evidently mat use thicknesses 
of sulfide phosphor greater then 0.1 ejg/cia*' (Figure 4c 1-2, curve 
for ZaS)o The ploetic binder appears to be a convenient means 
of obtftlning ft homogeneous surface in such large thiokneseea, 
provided no loss of brightness results from introduction of 
the plastic. 



*d.t —0At 99tr%Sm 

^MdJ‘ bwi ultoAtomsrn aav &mii nalislb^^ mamms «m 2« 
9di ai to&I'j loo^ MHM9 e4;r lo txati^i’ioAsS^ •l4*Xo»‘>'X9* oa 

•vt^ftodq 

«pMff 2«J ^ '20 cTl^ftXa'x mIT) 

••Idl^sqaooiU td o4 ttmufo as acX<radXox« -rrnj Jtoa adqXA 

•aXoiiAXoXtlo afllaXa'i i»tis fcaJo'^qita ®d Muoo di «xXXa7a2aO 
•xa tsaia^lib aaluaa xX#a«xg a^ado doc Mco« aiodqaodq ovd lo 
sc staJb x^<*^Xoill 0 \d fcodxoqqim •! •dlv « rfajuB <,noXdadle 
dcaiallXft c^f al nsallal xuS & 0 iiAlLA:sq *zo£ki 0 OA<i s«rd •aa4d 
disalol‘21a aano ml aMlXus add dadd scXiroda ,(S;S «JB) atxoqax 
axld 'tcl lies «itoldadlaxa \ax«*x bgjs *saftcn adaalXXa add aaild 
•xadqada aXdd la {: jtolda«$ at 5adxoqax cdXuaax Xadisaailxa^xa 
-TLa add la aXadaX add dat<d doaqaifa od aXdaooadax al dl aeaafl 
l>a 9 aAdor>adfli paad #T»!l S^X.^IL ^di5 fees* ,0ii!„n5 rsol aaT 

{.loixa xd 

xol aoaraai XacoXdXA^a ca xiaiimil caaXXaX xd aaitnco aaadT 

am aomla •'xod^aodq taiabmoq, add toI 'xofreid oldtAlq a gatau 
«aoalxi;t x^iiniacriq add lo aaaaddxXxd o«mXxm cX ftaaaaxadjcu axa 
aaaaa£i 3 ioX^d aaa doxio xXdna^lYa aw ^izoldadloxa xa'i^****^^ adJ^mr 
arrwo ,S-X«4 aair 3 ,tl) ^^\g0 X*0 oadd 'ladaax® 'roriqnoxli afiXlIx/a lo 
aflbMM d£U»in*Tc««o t aa ad *aaaqqa «a6n.*d oXdaaXq aslT lol 

• aaata»t^aJtiid aat-aX 4 out al aoj^lijua loM^oaoaoil a actclsddo lo 
lo •eida/jftoTdal aa <2 adXaaax a»aaddaXxd lo aaol oa AaMToxq 

(.oldaaXq add 



61 



Manufacture of Hiosphor«»Pl8stlo Mixturaso 

Selection of tbe plastic mterlals for use in these 

experiments wee neeeeeeril/ beseci on their workijos properties 

and aTsilabillt/ ee well es their optical propertioSe The 

plfifitioa finally selected were e methacrylate^ (Lucite) and 
2 

e polystyrene » with refraetive indices (in yellow light) of 
1,^0 and 1«$9 respectively, the latter being relatively high 
among the transparent plestios* The lucite was obtained in 
the form of a ooapression<»aolding powder, the polystyrene 
es a monomer casting liquid, polymerized by heating after 
the addition of a small amount of catalyst (banzoyl peroxide 
with 6^ sotivo oxygen) and an accelerator (methylene chloride)* 
Both these plastics are nearly transperent in the visual range 
(H6), with a trcnsmlseion greater than 85^ in the emission 
bands of Zn«Cd5(Cu) and 2;n2BiO^ (l£n) (Figures 3*2-1, 2)* 

The first experiments were made with the polystyrene 
casting liquid* The technique used for aanufeoturing discs 
of any desired phosphor-plastic proportion is a simple one 
briefly described as followet 

Weigh into a glass mold the desired amount of casting 
liquid and add ona drop of catalyst for each 3 groms of 
plastic* 3tir vigorously with glesa rod to dietrlbutc the 
oatelyst* Add the desired weight of phosphor by sprinkling 



1* ”Trenaoptio” l^olding Powder, Buehlor and Co*, Ltd*, 
Chicago, 111* 

2* ”Felloweast,'* Fellowcrafters, Inc*, Boston, Hass* 
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it over the surr&oe of the coetiixg liquid uud utir until a 
uni fora paete is obteined. Add 1 drop of eooelerutor per 
3 greme of plastlo end stir again to distribute the acoel- 
eretor (a slightly larger proportion of accelerator xaay be 
necessary for mixtures v«ith a phosphor to plastio weight 
ratio of 2 or higher). Allow to stand for about 10 i&lnutes 
at rooa teaperature« then place in oven at 92 for about 
X hour (longer for large phosphor/plastio ratios). Cool 
slowly to room temperature. The mixture contracts slightly 
upon solidifying that it can raadily be removed from the 
mold. 

The disoB so obtained when glase culture dishes were 
used as molds had a glossy top surfuooi but the bottom and 
sides in contact with the glass during molding had e dull 
finish which could be polished on a metallogrophie speci- 
men polishing whsel. The principal defect of the discs so 
prsparsd was tliat the phosphor/plestio ratio vma not uniform 
through a cross-section » the heavy sulfide powder having a 
marked tendency to settle to the bottom of the mold through 
the visoous liquid. This effect introduced an uncertainty 
regarding the effective phosphor/plestlo ratio at the top 
and bottom surfaces when the total light output was to be 
meesured in a series of discs with varying overall propor- 
tions of phosphor to plastic. For this reason we turned to 
ths use of luoite aoldlx 2 g powder with which it was found that 
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quite homogeneous dlsoe eeu be aede et retioe less then 3«0 
if sumolent ettentlon be peld to the «lxiog in the procedure 
desorlbed below. This virtue of the luclte powder wee con- 
sidered to offset the disadrantege of its sEaaller index of 
refpsotlon ©t least for the purpose of determining the optl- 
saus phosphor/plastlo ratio® as will bs seen leter a poly- 
styrene aixttare produced the eoet efficient phosphor disc* 

Ttie lueite-phosphor fixtures ware molded under pressure 
supplied by e snail hydreulie press designed for embedding 
oetellogrephio speolmene in plastic. The first phosphor 
dlsoe were cede in e 1** diameter mold but for visual obser- 
vation e larger else wne desirable* end a 1 7/16” mold wee 
used for ell the later work.^ The BK>ld coneiate of e oylin- 
drleel steel sleeve with wall designed to withstand 5000 Psl. 
olosed et the bottom by a removable steel plug* end et the 
top by a steel plunger through which the pressure was applied. 
A hole was drilled through the plunger to within 3/6 in. of 
the bottom*to receive a thereometer. The bottom plug end the 
plunger fit the sleeve with a tolerance of 0.001 inch to 
prevent appreciable extrusion between the moving parts, and 
ell inner surfaces of the mold were ground to a smooth finish. 
To hset the mold, e heating Jeoket was made consisting of a 
cylindrleel aluminum shell with inner diacHiter fitting the 



3. Thie site was not chosen by design, but was the diameter 
of an available mold, previously used locally for another 
purpose, which could be modified for the present appll- 
oation. It is recognized that larger discs would be 
advantogeoue. 
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•t«0l tfloer* of the aold looselj* A ooiX of nlohrome wire* 

insulated with asbestosi was wound Inaide the shell as the 

heating element* With this equipaent* the following pro* 

cedure was used in tasking phosphor*plastie discs: 

-feigh the desired aaountK of phosphor end plestlo onto 

weighing paper* Idix thorou^^hly with spatula* After cleaning 

all inner surfaces of the mold with alcohol or acetone » pour 

the plastic-phosphor oixture into nold with bottom plug in 

place, and mix again la the nold* Insert plunger* place 

assembled mold in press and apply 100 psi to remoT# air* 

Release pressure* heat to llO^C^ apply >000 pel* heat to 
o o 

140 C* Cool rapidly to 90 C* foroe out plunger and plug 
with completed phosphor dies* 

This prooedure produced homogeneous phosphor-plastlo 
discs with ratios up to 3*0* At larger ratios It was diffi- 
cult to prevent inhomogeneltiee* and beyond 4o0 the surfaces 
invariably showed looal erees containing little or no ples- 
tlo so that the phoephor was easily chipped off* At ratios 
below 3*5 the surfeoes were ordinarily smooth and well- 
polished* In ell* about 65 discs were made with this proeedure* 
though only about holf of these were of value in obtaining 
the reaults of the next section* 

4*3* Sxnerlments with Phoephor-Plastio Uixtures* 

(a) Experimental Souipti^nt* 

The point of departure for the phoaphor-pleotio 
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I ttlxtur# was to fiateraiao th« tl.iclcKess of plioii- 

phor ftloa# whiah woultl provide tiie greatest yield on- 

I der gcrjKi and beta exoitatlon* ?or tJals purposes and for 
phosphor diao aeesurefients, equipment was arranged to aen- 
sure the brifihtaess of & phosphor Maraen. on one *urf«oe -eiiile 
the easlting rsdiotion was applied to the opposite eui'f&ce, 
follovvin^^ the procedure used by .<t.llcien (K2), 

A Type 5^X9 photomultiplier tube ves mounted in s 
brass light shield with a cardboard {0*13 tsf/ea ) li{?lit« 
tight top whioh was readily reiaovable for easy ecoeaa to the 
snd»wlndow« The tube wrb protected with e megnetlo shield^ 
and operated at 75 volte per dynode from fe stabilized nega- 
tive high-voltage aupplye -Anode current froa the 5619 tube 

was ceasurad by a 3sok£uan aiero-Miorocmeter for currents 

-7 

up to 10 amperes I end by a Bets mloroarimeter for larger 
ourrente* 

The stability of this aystem was ouch that a rofer- 
anoB current reedli^, established early in the work, consist- 
ing of a reference phosplior disc eroited by a small rediuB 
source placed at a fixed distance from the phosphor, could be 
repeated at will within lesc tlien 4?5 over a period of seven 
weeks* Provision was made for adjusting the photo-nultiplier 
voltage to ocxhpensate for changes in the reference reading 
due to drift, line voltage ohrnigas, etc*, but this was necess- 
ary on only two occasions* Under these conditions of photo- 
nultiplier operation, fatigue effects and noise current were 
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not notio«&bl(»« The arrangetsent described uras used for aXl 
phosphor light output neasurenonts reported in this chapter* 
Conversion of photo*auiltlpller anode current to an approxi- 
aete figure for phosphor brightnees In foot»laiab«rte wae 
aeooapllshed by the oellbratlon procedure described In Ap» 
pendlx A«l« 

(bj Llpfht Yield of Phosphor Powder* 

The phosphor poi^er wee placed In a cylindrical 
aluminum cell with thin glass bottoei resting directly on the 
endowlndow of the phototube* The inside diaaetor of the cell 
was 1*406 inches • slightly Isss than the mininuca specified 
dia&eter (1*5 inches) of ths photo»cethodS| and olossly 
laatching the disAeter of the Aost frequently used size of 
phosphor-plsstio discs* 1*43^ inches* (Cere wae taken to 
piece the cell end the discs in e constant position on the 
cathode* and s 1*5 inch insak on the end-window was used ee 
a guide for this purpose* Anode current readiiog Is not 
critloal for variations in placement of less than 0*1 Inches*) 
The phosphor was Irradiated by e 10 e;g* (6*6 sirha) radiun 
gaBSBs eouroe (calibrated by the Bureau of Standards) plsood 
at 45 oei froA the fees of the oathode* Current response of 
the phototube as a function of source distance followed an 
inverse square lew at distances greater then about JO on 
fron the phototube* hence the gamsa radiation at the phos- 
phor was equivalent to approximately 

8*1 X .jqIl 
uJr 



40 mr/ hr* 
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The ll£ht jleld of two phosphor aeteriols ae o func- 
tion of thickness under these conditions is shown In Fisurs 

4*7**Xe For Zn-CdS(Cu), the ekoxijRun yield is reached at 0o9 
2 

l^om of phosphor, deeroasing slowly et greater thioknesses 
due to gaesia ray sheorption in the upper layers of phosphor* 
The general shape of the Zn^SiO^ ourre is the saoe, hut due 
to its duoh sxsiellsr offloisnoy and the opacity of the cry- 
stals to ths osiittsd light, ths Qoxinua light yield is lose 
than one-fifth that of the sulfide and oeours at &uoh ssoaller 
thlcknosa. 

A sicdlar experiment using beta-ray exeitation fron a 

strontiUB-90 source produced the curves shown in Figurs 4*3-2, 

whers the opacity and sneller effieienoy of tho orthoeilioats 

produce effects relativs to the sulfide sitd.lar to those 

found under garu&a excitation* The peek light yield occurs 

in Z;n-CdS(Cu} at about 0*2 gn/oa * If to this is added ths 

absorber tbioknese traversed by tho betas before reaching 

the phosphor (a total of 0*16 gn/oa^), it is seen that the 

peak corresponds closely with the 0*38 gr/oA^ range of beta 

particles having tho average energy {0.92 Hevj of the yttriua- 

90 beta speetrua (FI, S3)* for tho Zn„3i0. , the oexiaum 

< 4 

light yield occurs at ssnller thickness beenuse of absorption 
of the light cjnitted in the upper layers of phosphor* 

Beyond noting that the genorol shapes of the individual 
curves are similar to those given b/ Kallman under photon 
and ohanged-partiole excitation, it is difficult to attempt 



~ T 6 *• 



xxt smite «l m^a^lMS 1« Mt# 

«• ft«s<««m Si 6 .*ix antKtei mi ,{ 0 »Mi?.xij; isf 
CAMmtfolU^ T»#smr. \Lwali ,mdcsod*, t<» 

“lA ^a^LSM sn^ Hi mk.«s •# «ttS 

«!;& M .. 4 ; •! »T%f *6 to «q;Ma «i(f 

-\ie> ^d;t to &«• ff r— ^touB 0^1 o^ 

mhA ti »c*it tes«iX te«»l%iMi »AS x4^l bmtiUm e$ %L^m 
’te£X«m U:9m Ji» sttise^ ten M^r ^ ludi amAS 

t Hoitai^ins \a^-94m4! daa«?i%«iqx4e -s^Xjjil* a 

f UteK si Mted* fisvi&jO mu4 0 ^-««fl:NroTia 

s;T«alXt»cti»«t 6 to tw^isxtlo s»il^» *j,!4» \tJ9mip rmS» 
ftm49 ot s««Xioi» 9bl\Lu9 9tii "AS aFi^&Iaa G^oalta oottevivs 
*»wOthfc 34«»a*j *dT •nolioiloxH awteg ittimi ksuM% 

•Jli j!>i«fcfi-» »i mTdi o< TI fi,0 $9 (AiO}‘rftO-iiS aX 

»«^*d *jic? tnm*£9V»’sf eoacaioXfi/ 
tei/ /.wts n>Ma tl j(^qjV-j oX*'j to »} tss^soilQ; ujll 

a^at* to 6 a>- i x^oaoXs iteM} 

to < ?^«C) aHWa# tAif ^tnad stUoUiut 

»d# xert ,(t- ,X«) Hfc-i^oeQ* OQ 

x!oii»i'x«s<s w *»ft ' =■ ifoio.t’ij a^aoe i%IX 

•vo:ji<I»csi 4 to "^i r-' • «X b%itkm Jri-.»XX ^4*^ tei 

XaotiriftffX can t<o Si*X4*4« Xj<mfT.»i 9ii.\# ptiLJtm aucoxpS 

i!!O<^0{iQ '*.»-ji<o a a rfci 1 a 3, • oH xajUtaia ©in tavioo 

o# flL9i1lIt ©1 wi »noiv*yiox© •Xnltf|W^.*aajanado ijfli* 



Anode Current (IO'®amp) Anode Current (IO‘® omp.) 



- 68 - 




Figure 4.3-1 LIGHT YIELD AS A FUNCTION OF PHOSPHOR 
THICKNESS. GAMMA EXCITATION. 




Figure 4.3-2 LIGHT YIELD AS A FUNCTION OF PHOSPHOR 
THICKNESS. BETA EXCITATION. 



to draw comp«ri«oa3, olaoa the exact oonatitution end form 
of the phosphor coreeno end the source* of rediet ion he used 
were not reported* 

idght TleXd of rhoophoroT^Xftgtlc Htxtureao 

The Xlght yield o« a function of phosphor thieic- 
nese (g»/om } la ehown in F%ure 4* 3*3 for a series of phos* 
phor*luolte dlsos containing Increasing eisounts of phosphor 
but with a constant proportion of phosphor to luolte given 
by the wolglit ratio R » 2 (grems of phosphor/graas of luolte) 
(The lir,ht yields plotted ere the average readings of the 
two flat surfaces, to oonpensate for smell inhoaogeneltlesa 
The two readings ordinarily differ by less than ) At 
snail thloBsnesses It is seen that the light yield parallele 
that of the phosphor powder alone, which 1* re-drown here 
for oocapcirieon from Figure 4* 3*1, but reaches a maxlmia at 
about 0*6 end declines for greater thielcnesso This 

decline 1* interpreted os the result of increased lose of 
light emitted from the sides of the dies as linear thiakness 
of the disc and hence ersa of the cylindrical surface in- 
creeses, as well ae the recult of increased absorption of 
light, priaery gejaraas, end secondary refilatloa by the plastic 
(The response of clear luolte discs to gaisrja rodlMtion has 
been neacured and la of the order of 0«01 tines that of the 
setae weight of phosphor* ) 

That the ratio R •• 2 used in the series of yigure 4*3-3 
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Figure 4.3-3 LIGHT YIELD AS A FUNCTION OF Zn-CdS (Cu) 
PHOSPHOR THICKNESS, WITH OR WITHOUT LUCITE BINDER. 
GAMMA EXCITATION. 




Figure 4.3-4 LIGHT YIELD AS A FUNCTION OF PHOSPHOR/ 
PLASTIC RATIO BY WEIGHT GAMMA EXCITATION 
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lo below the optifiUBi 1« oboim la figure 4»5-4f where light 
jrleX<2 ie plotted es e fuaotloa of pho£«phor/pleetic retlo R 
for two aeriee of eulfldeo-luolte dlaoe with ooaetaiit phosphor 
thickaesses, showing that the optlme ratio appears to be 

ebout 2.75» for 1#0 of phosphor, and about 2*2$ for 

0.5 gaa/os^. The ourre for 1.0 g«/o«^ phosphor iaoludee the 
m&t effioieat phoephor<->luelte dlsos prepared to dote, but 
it Is noteworthy that the light yield froa the best of these 
Is slightly but not slgnlf leant ly higher than the mxiaua 
reeohed with the phosphor powder alone. ’.Te eaa say only 

that, St the optlaua ratio end thlohness (H « 2.75t thick- 

ness 1.0 gsj/cd^} found to date, the eddltlonel light which 
is hr ©tight to the surface by the Incite binder is necrly 
offset by the other effects (aentioned aboTo. 

Also shown in Figure 4.3-‘4 is a curve for ra^OlO, with 

2 ^ 

constant phosphor thickness 0.5 rra/cB • The naximaa light 
output at R » 0.75 is about 40^ greater than the nmxlMim, 
obtained froa the phosphor alone es shown in ’figure 4.1-1. 

At ratios greater than 1.5 there is inauffioient lucito to 
bind the very fine phosphor powder together. In view of the 
poor efficiency of this cnterial ooapared to the sulfide, no 
further work with it was undertaken. 

Turning to the use of pclyatyrone, which has a larger 
index of rafreotloG then luoite, we have found a rcir.arkabla 
iapi*ovcjB«nt over the perforacnce of lucite, ae indicated by 
the resulto in Table 4.>*1. The table gives the thickness 
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•tfUsiJU MftAw o'xuiXT rX «1 wunX;f<|a iuJ- iroX»<f BJt 

fl oJU«a oi^««Iq\‘soiKic4^ naX^ffcuC « «J ft»#;roiq al bXalt 
•sotiUMBAi Sam^BSiQQ tLtim tsaX^ atfXMX-aMHaa to ••I'xaa cm-S lol 
•cf o4 Aiaa<tqa ol<3m% ocBlcfqo d»iii ^Iwoda caaaaaftsfoXiU •! 
tot Ji«o<ia tf<ie |t:oiJcaod^ te ^naV^d 0*1 | 

arist aabjjlaai todqnodq 0«X t;ot av^ae a^ •^■oNu^ C*0 

#iM (taaC) o4 aaaXi^ »;TlGaX«-ioifqao4q jrnaXditta V 

•aatlJ’ t« <faa<l bA^ aoTt aL»l\ bAS SbiH xAi'z.cmBSoti ai 41 j 

ly'-alXM adJ nad^ tadftXtl xX4^t«aaXllAaXa #oa al 

X<*a a* •anoX« t.a&«Qq ac/ifacda ad^ rWi» barifiaai 
»iOiiiX' ■* j>) ABBiOiBtdt bAB OlSi^ mMlS%0 »A3 

dold* Xa&toi^l^&d bAS tBSBA oJ dca'ot 0«X aaaa , 

xItlbbb ax ta&Aid sjloitl #4/ \a acattva aa^ od Iajigoid ai 
oGfcda t»anoltnMi a^aatta taiiro adi daatto 
aSiM tal tvt4i» a al a»rtf cl o««wia ocX'w 

4 ^il|XX AUBldM ad? • f ,0 taaoJoM’ da«#ao )9 

‘•virtlxBB add cadd vdaa^ 1(0^ dcaaa al • 4 da dj;;tdca 

«X«I»A ata^vi-?- 3wo:t» aa eaoX* “w^Hao^t aad a»*il fta^laddo 

I 

ed adl&aX djiaiolttcaAl al aia^u ^«X oadd t»4aa«i aoldat da 
•dd to «alT al .tAdda^od i^ao4q oRlt \taT add acid 

an ,aaltli.a aid •js aaxacaoo laitadad aid! lo toaf 

»Radi'dtal>ai' aav ti dal« alica 
HBgHBl a aid dalxia tanax^v'^^tXat to »au add od jAlfttcX 
aX^atf'xMat a laiiro^ a'*«b a« ,^dlaitX aa?.J noliaattai to e»5al 
Xd tB4»oXkal aa j 4 ^dl«wX to aa/»ae* cot^iai a^i/ taao Jja»»TOtiial 
aa«<Tdoldl add «atrl^ sJjibS a*CT •X<«f«4 cl adlMtt add 



of pi:o»jpiior aad of ptiospfeor to pit otic i*or ench of thro* 

phosphor* aad* of Sn-C<lS{Cu) «ad polyatyron*# with their light 
output iii tors* of ttoofle ourreat from the phototube, under 
the »««o eoadltioai used for the iQ«a*iu'*3s»nts on the lucit* 
Aixturoa* iAltlioikQ^i these portioval-r discs were 2 inohe* in 
dioiester, a i 1/2 inch i5sofe OTor the piioto-oethcde pernlt* 
conpsriaca with the leeasureaent* on the 1 7/16 inch dlaoa. ) 

It will be noted that the aaxinma llgiit yield here is rwjr* 
than greatei* tliea the bast T«lue obtained with pov/dered 
or luait*«bound phosphor, uad thet thia reaxinu* occurs at e 
phoephor/plastio ratio very close to the opti^uwa ratio found 
for luoit* «cxtur**« 

UBLS 4,3-1 

PovtsTYnim Am za>cds(ou) ^ixTurtg.o 



liTo* 


?liOsphor 

Thickness 

iiva/csi^l 


overall Hatio 

rhocphor/Pla st i o 


-fl 

Anode Current (10 amper*!) 
and 1 1/2 inch dlan;©tar suT' 

feo*. 

top face fcotten ffc* 


1 


0.29 


0.56 


5e0 


5.3 


2 


0.49 


2.65 


8o0 


6® 9^’ 


4 


0.61 


3«75 


6.60 


6.55 



la the case of the polystyrene discs, «s Bientloaed 
previously, a Bieat* of aneurlag that the phosphor and plastic 
re>xaln hoaojjeaaouelj mixed in tiic finished product has not 
yet been worked cut, Tor 



tM* reason, the top surface of 
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dlso HOo X XX«ted In Table 4«3-*X la aleost elear plaatle, 
the bottom being greatly eariobed In pboejpbor* Ae a reault» 
it asdebt be anticipated that the brightness reading of the 
top surface would be sneller than that of the bottom (exoi* 
tation in each case being direeted at the oppoeite feoe« as 
usual h beeaust the effective phoaphor/plastlo ratio at the 
bottom is closer to the optimum ratio» and the readings con* 
firm this* In Ho» 2, the smaller proportion of polystyrene 
prevented as large a phosphor density gradient from bottom 
to top ae shtnm by U 04 , X, but the bottom is definitely richer 
in phosphor then the top* and it is the top surface of Ko» 

2 which yields the largest briglitness reading, under the 
standard excitation (gamma radiation, 40 mr/hr } of all the 
phosphors tested* Since the overall ratio of phosphor to 
plastie in the dise is very close to the optimum ratio found 
for luoite mixtures with the same phosphor (Figure 4«>4 
upper curve), it follows that the effective ratio at the 
bottom surface is greater than the optimum, while the effoo-^ 
tive top ratio is less than optimum* Thus the upper rsgion 
of this disc, where the phosphor crystals are relatively 
more widely speoed, makes its contribution to the high sur- 
face brightness and also permits efficient transmission of 
the light generated in the Interior region of optimum ratio 
to the top eurfsoe, while the region aeer the bottom has the 
erystals too closely packed to permit such effie lent trans- 
mission and furthermore its higher than opti£»UB ratio of 
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phosphor to plsstlo that It Is in ths ration of R • 3 

or hiehar, wfears Its light yisIA is sharply bslow that of 
the optiBum. s eharaotsrlstio shown by all thras ourvaa of 
Figure 4«3*’4» Finally, Inspsctlon of diao No* 4(No<» 3 ie a 
clear pleat io control disc} with en orersll ratio cauch higher 
than the optlmuB, shows that it tma « density gradient that 
Is sosllsr than that of I7o« Z, but still psrosptlble* It is 
therefore unlikely that the effective rstio of phosphor to 
plastic at the top could be et or below optlKuai, and this is 
borne out by the brightness rsa dings ss shown* 

^he bettor psrfornsocs of polystyrene es a binder, sa 
cojopared to lucite, jcsnst be attributed largely if not en«* 
tirely to its higher Index of refraction, ©ore closely 
approaching that of the sulfide phosphor* The polystyrene 
itself does not ©ska an appreciable contribution to the 
light yield of the discs, as is shown ty the yield of a trons'- 
parent control disc of polystyrene, annufaotured concurrently 
with no* *s 1 and 2* This disc gives a response under the 
standard gaivaa exoitetlon only 0.03 tines the reading of No* 

1 which contains u oonpsrabls amount of plastiCo (There 
rsaelns the resote possibility that the polystyrene is ex- 
cited to luoinescsnes by the emission spe etru© of the phos- 
phor* ) 

ittfea Heoomendationa for Future ’^ork* 

tlho vieual radiation meter desoribed in Chapter 3 is 
eertsinly rsallssble in its proasnt form but is subjsot to 
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•«ft #<9 1’ '*j*Hftill ^4 4%im t99t<^4i mi fcr«ft4|toft 
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m00 6< tM» f ; ft9lfti»roe ftXdsXAftVft^a Is* «j(av! 4m*s mmmt 
i» *u. x>J‘«fx •**« ifoM^dm «1 ftk fSmtft ««;5 k- otat^ 
'VXil’fttTWftiJ^i- 0 #-» jrlo#<ifrtoa r^'VTtJiniiXv^ ;ft ftftIA 2 :/«i;«|' 

ftftj tftft€U Moo«ftftf * !Mf»i- A«ft „ 4 j£r •; tea a w*.* 4 » 
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,Oft ^ ft* ftClft ftftAltf *CvO ^i«a. 4 •>*»,<% I 

•?i#ftftX(} to fglllftMft 1 

4 

-«* aJ *-># ftftavfti adh; 

#ii5 la 9ftHalftft aft# f# la#!ft 
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iAprovasient in «aoh oJT its ooiS!ipon«nt9o T%xhup» th* most 
lapcrt&nt unosrtaintlss in the «uthor*s talnd «t present, 
so far ae preetieal design ooaeideratione ere oonesrned, are 
the optimm phosphor to eye distance and phosphor ares, and 
the extent of possible ijaproveaent to bs geined by Tiswin& 
the tiffO phosphors through e awgalfying optical systoc* Ths 
2 Mxlinuss practical brightness froia e oixturs of phosphor and 
radlo>eictlir8 soures ssatsrlal, end the rats of ^'ightness de« 
cay as a result of contiauouo chenged-partiele bonabarteent 
should also be deteradnad. The possibility of detecting 
other types of radistion with a vlauel instrument, and es^ 
peolally the detection of neutrons with plastic-phosphor 
discs deserve attsntica* 

Although the objective sf the work on phosphor-plastic 
mixtures, nsmely to obtain more use ole light from a given 
amount of phosphor Incorporated in such a mixture than could 
be obtslned with the sane iasss of phosphor alone, has been 
ottslned to s degree which will be useful in the visual radia- 
tion meter, there are »eny directions in which further and 
probably greater improvements oen be sought. A thorough 
search should be made for Dore efficient phosphors and for 
workable transparent plestlcs with higher refractive in- 
dices. In the absence of such plastics, experit.ents with 
liquids of high indsx might indicate whet could be done if 
comparable plastics or other solid binders were available. 
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Individual curv«# of Fleuras 4*'^**1 tiirough 4«3->4 
e&n bt ragardad ns profllaa of « tbrao-dlrAenslonnl iurfao* 
which isay ba rapraaentad graphically if light yield 1« plot- 
ted along the £-axia» and the x- and y-axaa era acalad in 
grans par square oentimater of plattlo and phosphor reapao- 
tlvely* Straight lines In tha x-y plane, paaalng through 
tlia origin, then represant linaa of constant phoophor/plaatio 
ratio. i?yat#Katlc exploration of auch a surface for a givan 
l^hOBphor-plaatlc aystaci, plotting aoatcura of constant light 
ylaid, niglit lead to ft fuller underatnnding of the effisota 
of ciixiiig pleatlo with phosphor. 
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A.WmBXX A>1 

PHCZrCMTLTIPLISR GAhimUTim 

In ordtr to eraXusito tho visual sffeot of tho llgltt 
yiaXd frott phoaphors without aubjooting th« experlaanter 
to unn«oe«sarx rodletlon dosags. It baoam dosirablo to 
trsnalato the 5319 photoaultlpller anode ourrent response 
to lomineeoenee into a unit of hriehtneee» The aeens of 
eooocipllshlng this Is as indiooted In Figure A«l*l« The 
phosphor » excited bp ultra-violet light* was viewed first 
by two observers using ^ht Low- Brightness iletsr* and then 
hf the photoaultlpller* as phosphor sxoltetlon was varied 
by interposing Inoreesing thicknesses of U-V absorbing 
glass plates*^ As shown in the figure* phosphor brightness 
and photOQultipXier ourrent are proportional aa intensity 
of excitation varies over a range of 200 tiass the lowest 
brightness at which reliable readings could be made with the 
Low-Brightness Meter* The proportionality factor thus ob- 
tained (1*5 X 10*5 foot-laaberts per alcro-aapere) applies* 
of course* only to tlie particular emiseion speotrua (that 
of i;^-CdS(Cu} )* size of phosphor (I 7/16 In, ), and photo- 
auXtiplier tube used in the ealibration* 



1« The application of the absorber technique to this prob- 
lea was suggested by Professor Clark Ooodmn* 
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(aia^BA->oiDJLJi Af»aAeAX-^col ^-“CX » 5*X) 
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•iiAAAoof^ ItaTS AftAA«lArw ta 9AX»«ViUi AOA ml 



Phosphor Brightness (foot-lomberts) 
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Figure A. I-I PHOTOTUBE CALIBRATION 



Phototube Current (microomperes) 
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